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ABSTRACT
C h l o r i n a t e d  p e s t i c i d e s  a r e  known t o  p e r s i s t  f o r  lo n g  p e r i o d s  o f  
t im e  a f t e r  t h e i r  a p p l i c a t i o n , th u s  p r e s e n t i n g  a  p o t e n t i a l  d a n g e r  t o  
w i l d l i f e  and f i s h .  The o b j e c t i v e  o f  t h i s  s t u d y  was t o  d e te r m in e  d e to x ­
i f i c a t i o n  a g e n t s  iri v i v o  and _in v i t r o  t h a t  w i l l  l e s s e n  o r  m in im ize  
t o x i c i t y  o f  c h l o r i n a t e d  p e s t i c i d e s  w i t h  s p e c i a l  r e f e r e n c e  t o  s h e l l f i s h .
O y s t e r s  and sh r im p  w ere  u s e d  a s  e x p e r i m e n t a l  a n i m a l s .  S p e c i a l  
p l e x i g l a s s  a q u a r i a  w ere  b u i l t  f o r  t h e  ^ n  v i v o  s t u d i e s .  The o y s t e r s  
and sh r im p  w ere  c o l l e c t e d  and im m e d ia te ly  t r a n s f e r r e d  t o  t h e  s p e c i a l l y  
d e s ig n e d  t a n k s .  S u b l e t h a l  d o s e s  o f  e n d r i n ,  d i e l d r i n ,  p ,p '-D D T , and 
to x a p h e n e  w ere  e s t a b l i s h e d .  I n  s h r im p  th e  s u b l e t h a l  dose  f o r  e n d r i n  
was fo u n d  t o  b e  b e tw e e n  0 .0 0 1 7 5  ppm and 0 .0 2 6 7 5  ppm, t h a t  o f  p ,p '-D D T  
was fo u n d  t o  b e  b e tw e e n  0 .0 2 5  ppm and 0 .0 7 5  ppm. D i e l d r i n  s u b l e t h a l  
d o se  was fo u n d  a t  0 .1  ppm and to x a p h e n e  was a t  1 ppm.
M o r t a l i t y  r a t e s  i n d i c a t e d  c l e a r l y  t h a t  e n d r i n  i s  th e  c h l o r i n a t e d  
p e s t i c i d e  m ost t o x i c  t o  f i s h  and s h e l l f i s h ,  f o l lo w e d  by p jp '-D D T , 
d i e l d r i n  and to x a p h e n e  i n  t h a t  o r d e r  o f  t o x i c i t y .  A b i l i t y  o f  o y s t e r s  
t o  c o n c e n t r a t e  c e r t a i n  p e s t i c i d e s  from  s u r r o u n d i n g  e n v i ro n m e n ts  was 
d e m o n s t r a t e d .  O y s t e r s  c o n c e n t r a t e d  180% o f  o r i g i n a l  e n d r i n  a p p l i e d  
and 200% o f  o r i g i n a l  p ,p '-D D T  a p p l i e d .
A m in o p y r in e ,  o r i n a s e ,  and  p y r a l g i n  w ere  u s e d  i n  1 and 10 ppm 
c o n c e n t r a t i o n s  a s  d e t o x i f i c a t i o n  a g e n t s .  They w ere  a p p l i e d  t o  th e  
e x p e r i m e n t a l  a n im a ls  w i t h  s u b l e t h a l  d o s e s  o f  c h l o r i n a t e d  p e s t i c i d e s .
v i
R e s u l t s  i n d i c a t e d  t h a t  o f  th e  t h r e e  d e t o x i f i c a t i o n  a g e n t s  i n v e s t i g a t e d ,
o r i n a s e  a t  1 and 10 ppm showed m o s t p ro m ise  i n  d e g r a d in g  p e s t i c i d e s  i n
o y s t e r s  and  s h r im p .
I n  t h e  _in v i t r o  s t u d i e s  o y s t e r s  s p i k e d  w i t h  0 .1  -  2 ppm o f
c h l o r i n a t e d  p e s t i c i d e s  w ere  i r r a d i a t e d  a t  d i f f e r e n t  l e v e l s  o f  i r r a d i a -  
60t i o n  w i t h  Co , X - ra y  and u l t r a v i o l e t  r a y s .
The r e s u l t s  showed t h a t  X - r a y  i r r a d i a t i o n  was i n e f f e c t i v e  i n  
d e g r a d in g  th e  p e s t i c i d e  m o l e c u l e .  C o ^  i r r a d i a t i o n  showed h i g h l y  
s i g n i f i c a n t  e f f e c t s  ( P ^ O . O l )  i n  d e g r a d in g  th e  p e s t i c i d e  m o le c u le  a t
0 .2  and 1 .0  M eg arad .
U l t r a v i o l e t  l i g h t  i r r a d i a t i o n  showed h i g h l y  s i g n i f i c a n t  ( P ^ O . O l )  
e f f e c t  i n  th e  d e g r a d a t i o n  o f  e n d r i n  and  d i e l d r i n .  A. l i n e a r  and 
i n v e r s e  r e l a t i o n s h i p  was fo u n d  b e tw e e n  t im e  o f  e x p o s u re  and r a t e  o f  
d e g r a d a t i o n  o f  e n d r i n  and d i e l d r i n  when i r r a d i a t e d  w i t h  u l t r a v i o l e t  
l i g h t .
v i i
INTRODUCTION
As th e  w o r ld  p o p u l a t i o n  s o a r s  a l a r m i n g l y ,  a v a i l a b i l i t i e s  o f  
fo o d s  become o f  p r im a ry  im p o r ta n c e  t o  a l l  n a t i o n s .  R em edies  f o r  
f u t u r e  p o p u l a t i o n  e x p l o s i o n  hav e  b e e n  w id e ly  d i s c u s s e d  and p r o j e c t e d .  
I n  th e  m eantim e s c i e n t i s t s ,  e s p e c i a l l y  fo o d  and  a g r i c u l t u r a l  
s c i e n t i s t s ,  have b e e n  e m p lo y in g  th e  l a t e s t  t e c h n i q u e s  i n  c u l t i v a t i o n  
and p r o d u c t i o n  o f  f o o d s ,  i n c l u d i n g  th e  u se  o f  p e s t i c i d e s .
A c c o rd in g  t o  th e  F e d e r a l  I n s e c t i c i d e ,  F u n g i c i d e ,  and  R o d e n t i c i d e  
A ct o f  1947 , p e s t i c i d e s  may be d e f i n e d  a s  a  w ide  v a r i e t y  o f  b i o ­
l o g i c a l l y  a c t i v e  and  t o x i c  c h e m i c a l s ,  "econom ic  p o i s o n s "  u s e d  t o  
c o n t r o l  i n s e c t s ,  f u n g i ,  weeds and  r o d e n t s .
P a u l  M u l le r  (1944) o f  S w i t z e r l a n d  d i s c o v e r e d  th e  u se  o f  DDT as  
an  i n s e c t i c i d e  and l a t e r  r e c e i v e d  th e  N obel p r i z e .  The c o n t r i b u t i o n s  
o f  DDT t o  th e  c o n t r o l  o f  m a l a r i a ,  y e l lo w  f e v e r ,  e n c e p h a l i t i s ,  l o u s e -  
b o r n  ty p h u s ,  p l a g u e ,  b a c i l l a r y  i n f e c t i o n ,  am oebic  d y s e n t e r y ,  d i a r r h e a  
and many o t h e r  v e c t o r  b o r n  d i s e a s e s  a r e  w e l l  known and w ere  th e  
s u b j e c t  o f  a  r e v ie w  a r t i c l e  p u b l i s h e d  by  Simmons (1 9 5 9 )  . S in c e  th e  
d i s c o v e r y  o f  DDT, d ozens  o f  r e l a t e d  and u n r e l a t e d  m a t e r i a l s  have  b e e n  
p ro d u c e d  and  s p r a y e d  on fa rm s  and c r o p s  i n  t h e  U n i te d  S t a t e s  i n  t h e  
amount o f  a b o u t  1 ,0 0 0 ,0 0 0  to n s  a n n u a l l y .  I n  a d d i t i o n  t o  th e  d i r e c t  
b e n e f i t  t o  man th r o u g h  t h e  c o n t r o l  o f  d i s e a s e s  t h a t  a r e  c a r r i e d  by 
i n s e c t s ,  p e s t i c i d e s  a r e  b e n e f i c i a l  i n d i r e c t l y  t h r o u g h  i n c r e a s e d  and 
im p ro v ed  a g r i c u l t u r a l  p r o d u c t s .  Even i n  a  c o u n t r y  l i k e  t h e  U n i te d
1
2S t a t e s  w h ic h  h a s  a g r i c u l t u r a l  s u r p l u s e s  one c a n n o t  d i s r e g a r d  t h e  v a s t  
im p o r ta n c e  o f  i n s e c t i c i d e s  w h ic h  a l lo w  f a r m e r s  t o  p ro d u c e  fo o d  a t  a 
much h i g h e r  r a t e  t h a n  b e f o r e .  T h i s  f a c t  s h o u ld  b e  s t r e s s e d  s t r o n g l y  
a t  p r e s e n t  s i n c e  th e  U n i t e d  S t a t e s  i s  f a c e d  w i t h  th e  t a s k  o f  p r o v i d i n g
d e v e lo p i n g  c o u n t r i e s  w i t h  fo o d  t o  e r a d i c a t e  f a m in e .  W ith o u t  t h e  use  o f
p e s t i c i d e s  t h e  U n i te d  S t a t e s  w ould  n o t  have  b e e n  a b l e  t o  h e lp  f e e d  
o t h e r  c o u n t r i e s  and may n o t  e v e n  have b e e n  a b l e  t o  f e e d  h e r s e l f .
T h is  e x t e n s i v e  u se  o f  s y s te m ic  p o i s o n s  and p o t e n t i a l l y
h a z a rd o u s  s u b s t a n c e s  has  n a t u r a l l y  a t t r a c t e d  t h e  a t t e n t i o n  o f  b o t h
F e d e r a l  and  S t a t e  governm ent o f f i c i a l s , p r i v a t e  i n d u s t r y ,  and 
u n i v e r s i t y  d e p a r tm e n t s  and l i t o o r a t o r i e s  ( B o n e l l i ,  1966) . A t t e n t i o n  
was f u r t h e r  h i g h l i g h t e d  i n  th e  c o n t r o v e r s i a l  book S i l e n t  S p r in g  by  
R a c h e l  C a rso n  (1962) . The book p r e c i p i t a t e d  a  r e p o r t  p r e p a r e d  by  
Jo h n  F .  K e n n e d y 's  S c ie n c e  A d v is o ry  C o m n it te e  ( 1 9 6 3 ) .  T h is  r e p o r t  
p o i n t e d  o u t  t h e  v a s t  a d v a n ta g e s  o f  p e s t i c i d e s  w h i l e  a t  th e  same tim e  
s u g g e s t i n g  t h a t  t h e r e  a r e  some r i s k s  i n v o lv e d  i n  a p p l y i n g  t h e s e  
n o x io u s  p o i s o n s  t o  a g r i c u l t u r a l  p r o d u c t s ,  e s p e c i a l l y  when im p r o p e r ly  
u s e d .
P e s t i c i d e s  c a n  be  d i v i d e d  i n t o  two m a jo r  g r o u p s ,  c h l o r i n a t e d  
p e s t i c i d e s  and n o n - c h l o r i n a t e d  p e s t i c i d e s .
C h l o r i n a t e d  P e s t i c i d e s .  T h i s  g roup  i n c l u d e s  a l l  th e  c h l o r i n a t e d  
h y d ro c a rb o n s  u se d  a s  I n s e c t i c i d e s ,  among th o s e  u s e d  m o s t  a r e :  A l d r i n  
( 1 , 2 , 3 , 4 , 1 0 , 1 0 - h e x a c h l o r o - 1 , 4 , 4 a - 5 , 8 , 8 a - h e x a h y d r o - e n d o - 1 , 4 - e x o - 5 ,8 -  
d lm e th a n o  n a p t h a l e n e ) ; DDT ( d i c h l o r o d i p h e n y l t r i c h l o r o e t h a n e ) ;
D i e l d r i n d  .2 . 3 . 4 . 1 0 . lO - h e x a c h l o r o - e x o - 6 , 7 - e p o x y - l , 4 , 4 a , 5 , 6 , 7 , 8 ,8 a -  
o c t a h y d r o - l , 4 - e n d o , e x o - 5 , 6 - d i m e t h a n o n a p t h a l e n e ) ; E n d r i n ( l , 2 , 3 , 4 , 1 0 ,
10 - h e x a c h l o r o - 6 , 7 - e p o x y - 1 , 4 , 4 a , 5 , 6 , 7 . 8 . 8 a - o c t a h y d r o - e x o - 1 , 4 - e x o - 5 ,
38 - d i m e t h a n o n a p t h a l e n e ) , H e p t a c h l o r ( 1 , 4 , 5 , 6 , 7 , 8 , 8 - h e p t a c h l o r o - 3 a , 4 , 7 ,  
7 a - t e t r a h y d r o - 4 , 7- e n d o -m e th a n o in d e n e ) ,  L i n d a n e ( gamma-1 , 2 , 3 , 4 , 5 , 6 -  
h e x a c h l o r o c v c lo h e x a n e - a t  l e a s t  99% o f  th e  garana iso m e r  o f  BHC 
(b e n z e n e  h e x a c h l o r i d e ) , and  T oxaphene ( t e c h n i c a l  g r a d e  o f  c h l o r i n a t e d  
cam phene c o n t a i n i n g  67-69% c h l o r i n e ) .  As a  g r o u p ,  c h l o r i n a t e d  
p e s t i c i d e s  a r e  t h e  m ost n o x io u s  and d a n g e ro u s  from  a p u b l i c  h e a l t h  
s t a n d p o i n t .  T h is  i s  due t o  t h e  f a c t  t h a t  t h e y  p o s s e s s  lo n g  r e s i d u a l  
a c t i v i t y ,  a r e  v e r y  s t a b l e  com pounds, and a r e  v i r t u a l l y  i n s o l u b l e  i n  
w a t e r .
N o n - C h lo r in a te d  P e s t i c i d e s : T h i s  c l a s s  o f  p e s t i c i d e s  i n c l u d e s
t h e  o r g a n ic  p h o sp h o ru s  i n s e c t i c i d e s ,  h e r b i c i d e s ,  and  f u n g i c i d e s .  The 
f i r s t  o rg a n o p h o s p h o ru s  i n s e c t i d i d e  was a v a i l a b l e  i n  1948 o r  t e n  y e a r s  
a f t e r  th e  d i s c o v e r y  o f  DDT a s  an  i n s e c t i c i d e .  As a  g e n e r a l  r u l e  th e  
o rg a n o p h o s p h o ro u s  compounds p r e s e n t  c o n s i d e r a b l y  l e s s  o f  a  t h r e a t  from  
t h e  p u b l i c  h e a l t h  p o i n t  o f  v ie w  th a n  do t h e  c h l o r i n a t e d  h y d ro c a rb o n s  
b e c a u s e :
1 .  I n  g e n e r a l ,  o rg a n o p h o s p h o ro u s  compounds a r e  l e s s  t o x i c  t o  
a n im a l  and  f i s h  l i f e  th a n  a r e  c h l o r i n a t e d  h y d r o c a r b o n s .
2 . Organophosphorous compounds u s u a l l y  are h y d ro ly zed  r a p id l y  
compared w i t h  th e  c h lo r i n a t e d  hydrocarbon; some organophosphorous  
p e s t i c i d e s  have o n ly  a few hours to  a c t  b e f o r e  th e y  are h y d ro ly zed  in  
w ater  as in  th e  c a s e  o f  t e t r a e t h y l  pyrophosphate  (TEPP) (Thomson,1963) 
and some are  r e l a t i v e l y  lo n g e r  l a s t i n g  as in  th e  c a se  o f  p a r a th io n .  
M e tc a lf  (1955) r e p o r t e d  th a t  50 p e r ce n t  o f  p a r a th io n  was h y d ro ly z e d  in  
120 d a y s .
REVIEW OF LITERATURE
H i s t o r i c a l  A p p l i c a t i o n  and U ses o f  I n s e c t i c i d e s
De Ong (1956) r e p o r t e d  t h a t  i n  th e  U n i t e d  S t a t e s  t h e  f i r s t  
i n s e c t i c i d a l  u sag e  was p ro m p ted  by th e  i n v a s i o n  o f  t h e  C o lo ra d o  
p o t a t o  b e e t l e ,  L e p t i n o t a r s a  d e c e m l i n c a t a , i n t o  t h e  p o t a t o  f i e l d s  o f  
M i s s i s s i p p i  i n  1 8 6 0 . An a r s e n i c a l  compound known as p a r i s  g r e e n ,  a  
d y e ,  was a p p l i e d  v e r y  e f f e c t i v e l y  and s u c c e s s f u l l y .  I t  became p o p u la r ,  
and t o  i n s u r e  p u r i t y  th e  f i r s t  s t a t e  i n s e c t i c i d e  law s  w ere  e n a c t e d .  
None o f  t h e  above m e n t io n e d  law s how ever made p r o v i s i o n s  f o r  p u b l i c  
h e a l t h ,  e i t h e r  i n  r e g u l a t i n g  th e  a p p l i c a t i o n  p r o c e d u r e  t o  p r o t e c t  t h e  
p u b l i c  o r  o p e r a t o r s  from  e x p o s u r e s  o r  t h e  d a n g e r  o f  r e s i d u a l  t r a c e s  
r e m a in in g  on th e  m a rk e te d  p r o d u c t s  (Haywood, 1 9 0 3 ) .  T h is  l a c k  o f  c a r e  
i s  i n  d i r e c t  c o n t r a s t  t o  o u r  p r e s e n t  law s w h ic h  a r e  e n a c t e d  t o  p r o t e c t  
t h e  o p e r a t o r s  and p u b l i c  from  th e  h a z a r d s  o f  d i r e c t  e x p o s u r e s  o r  
i n t a k e  a s  w e l l  as  t o  p r e v e n t  a d u l t e r a t i o n .  D ecker (1951)  r e p o r t e d  on 
th e  t r e n d  f o r  s a f e r  u se  o f  i n s e c t i c i d e  w h ic h  b e g a n  i n  1 9 2 5 . The Food 
and Drug A d m i n i s t r a t i o n  r u l e d  t h a t  f r u i t s  i n  i n t e r s t a t e  sh ip m e n t  
s h o u ld  n o t  show more th a n  3 .7 5  p a r t s  p e r  m i l l i o n  a r s e n i c  t r i o x i d e ,  and 
fo o d  e x c e e d in g  t h i s  l e v e l  was s e i z e d  and  d e s t r o y e d .
The y e a r s  o f  th e  s e c o n d  W orld  War b r o u g h t  two s y n t h e t i c  o r g a n i c  
com pounds, DDT, an  i n s e c t i c i d e ,  and 2 ,4 - D ,  a  h e r b i c i d e  o r  weed k i l l e r .  
T h e i r  u s e s  a g a i n s t  p e s t s  and weeds r e v o l u t i o n i z e d  p e s t  c o n t r o l  
c o m p l e t e l y .
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5D e s p i t e  t h e  i n c r e a s e d  p r o d u c t i o n  and  a p p l i c a t i o n  o f  th e  new 
s y n t h e t i c  o r g a n i c  p e s t i c i d e s ,  t h e r e  h a s  b e en  a  d e f i n i t e  d e c r e a s e  i n  
a c c i d e n t a l  d e a t h  due t o  d i r e c t  e x p o s u r e  o r  i n t a k e  (H ay es ,  1 9 6 0 ) .
T h i s  r e d u c t i o n  i n  c a s u a l t i e s  c a n  be a t t r i b u t e d  m a in ly  t o  th e  
im p a c t  o f  t h e  F e d e r a l  I n s e c t i c i d e ,  F u n g i c i d e ,  and  R o d e n t i c i d e  A ct o f  
1947 f o l l o w e d  by  t h e  1954 Amendment b y  M i l l e r  t o  p r o v id e  m ethods  f o r  
c o n t r o l l i n g  t h e  amount o f  r e s i d u e s  o f  p e s t i c i d e s  on raw  a g r i c u l t u r a l  
p r o d u c t s  and  t o  e s t a b l i s h  t o l e r a n c e s  w i t h i n  90 days  a f t e r  t h e  S e c r e t a r y  
o f  A g r i c u l t u r e  h a s  f i l e d  a  c e r t i f i c a t e  o f  u s e f u l n e s s  f o r  t h e  p r o d u c t  
(U .S .  la w , 1 9 4 7 ) .  T h i s  p r o v id e s  a  d u a l  s y s te m  o f  c o n t r o l s ;  t h e  USDA 
i s  r e s p o n s i b l e  f o r  p u r i t y  s t a n d a r d s ,  th e  Food and  Drug A d m i n i s t r a t i o n  
i s  r e s p o n s i b l e  f o r  s a f e t y  t o  human b e i n g s  o f  any r e s i d u a l  c h e m ic a ls  i n  
fo o d  p r o d u c t s .
C ontam ination  by and E f f e c t s  o f  P e s t i c i d e s  on F i s h .  S h e l l f i s h  and 
W i l d l i f e
The a w a re n e s s  o f  t h e  e f f e c t s  o f  p e s t i c i d e s  on w i l d l i f e  and f i s h  
goes  b a c k  a s  e a r l y  a s  1935 when Dawson (1935) fo u n d  e v id e n c e  o f  b lo o d  
c e l l  i n j u r i e s  t o  c a t f i s h  t h a t  had b e e n  e x p o se d  t o  l e a d  s a l t s  f o r  lo n g  
p e r i o d s  o f  t i m e .
Young and N ic h o ls o n  (1951) r e p o r t e d  major f i s h  k i l l s  in  t r i b u ­
t a r i e s  to  the  T en n essee  R iv e r  in  n o r th e r n  Alabama by i n s e c t i c i d e s .
F i t z w a t e r  (1 9 5 8 )  r e p o r t e d  th e  c r a s h  in  a L o u is ia n a  bayou o f  a 
p lan e  c a r r y in g  one g a l l o n  o f  e n d r in  r e s u l t i n g  i n  th e  d ea th  o f  a l l  f i s h  
fo r  a d i s t a n c e  o f  35 m il e s  downstream from th e  p o in t  o f  c r a s h .
Graham and S c o t t  (1 9 5 8 )  r e p o r t e d  th e  e f f e c t s  o f  DDT s p r a y i n g  
a lo n g  Y e l lo w s to n e  R i v e r  a r e a s  i n  M ontana  t o  c o n t r o l  s p r u c e  budworm i n
6f o r e s t s .  N i n e t y - n i n e  p e r c e n t  o f  th e  a q u a t i c  i n s e c t s  a lo n g  100 m i le  
s e c t i o n s  w ere  k i l l e d  and f i s h  d i e d  o f  s t a r v a t i o n  due t o  t h e  h ig h  
m o r t a l i t y  o f  a q u a t i c  i n s e c t s .  I n  1955 two th o u s a n d  a c r e s  o f  F l o r i d a  
s a l t  m a rsh e s  w ere  t r e a t e d  w i t h  d i e l d r i n  t o  c o n t r o l  s a n d f l y  l a r v a e .
F i s h  i n  c a n a l s  b i s e c t i n g  th e  m arsh  a r e a  w ere  k i l l e d ;  t h e  dead  f i s h  
w ere  e s t i m a t e d  t o  w e ig h  30 t o n s .  R e p o p u l a t i o n  d id  n o t  b e g i n  f o r  a t  
l e a s t  one m onth  l a t e r  ( H a r r i n g t o n  and  B id l in g m a y e r , 1 9 5 8 ) .
Katz and Chadwick (1961) Iy a to m i _al. (1958) i n v e s t i g a t e d  the  
e f f e c t  o f  e n d r in  on f i s h  and found a t o x i c i t y  tem p erature  r e l a t i o n ­
s h i p ,  i . e .  t o x i c i t y  in c r e a s e d  w ith  an in c r e a s e  i n  tem p era tu re .
In  1957-1958  w i l d l i f e  l o s s e s  r e s u l t i n g  from th e  f i r e  ant c o n t r o l  
program made th e  g e n e r a l  p u b l ic  aware o f  th e  p o s s i b l e  hazards o f  
p e s t i c i d e s  so  th a t  a p u b l ic  law 85-582  (August 1 ,  1958) was e n a c ted :  
"The S e c r e ta r y  o f  th e  I n t e r i o r  i s  a u th o r iz e d  and d i r e c t e d  to  
undertake  com prehensive  c o n t in u in g  s t u d i e s  on th e  e f f e c t s  o f  i n s e c t i ­
c i d e s ,  h e r b i c i d e s ,  f u n g i c i d e s ,  and p e s t i c i d e s ,  upon th e  f i s h  and 
w i l d l i f e  r e s o u r c e s  o f  th e  U n ited  S t a t e s ,  fo r  th e  purpose o f  
d e term in in g  th e  am ounts, p e r c e n t a g e s ,  and fo r m u la t io n s  o f  such  chem i­
c a l s  th a t  are l e t h a l  to  or I n ju r io u s  t o  f i s h  and w i l d l i f e  and th e  
amounts, p e r c e n t a g e s ,  and fo r m u la t io n s  o f  such  c h e m ic a ls  th a t  can  be  
u sed  s a f e l y  and th er e b y  p rev en t  l o s s e s  o f  f i s h  and w i l d l i f e  fo r  such  
s p r a y in g ,  d u s t in g ,  or o th e r  tr e a tm e n t ."  (U .S .  la w , 1958)
F o l lo w in g  th e  e n a c t io n  o f  t h i s  law s e v e r a l  form al r e s e a r c h  
p r o j e c t s  w ere undertaken  t o  d eterm ine  the e f f e c t  and the  e x t e n t  o f  the  
p e s t i c i d e  problem in  th e  e s t u a r y  and on w i l d l i f e .
F i e l d  r e s e a r c h ,  a c c o r d i n g  t o  B u t l e r  ( 1 9 6 6 ) ,  on th e  n a t u r e  and 
e x t e n t  o f  p e s t i c i d e  p o l l u t i o n  i n  th e  m a r in e  e n v iro n m e n t  i s  p r o g r e s s i n g
7s l o w l y .  The e v id e n c e  i s  c l e a r  th a t  the  p e r s i s t e n t  c h e m ic a ls  may be  
tr a n s p o r te d  by a ir  and in  ground w a te rs  lo n g  d i s t a n c e s  from the a p p l i ­
c a t i o n  s i t e .  T a rz w e ll  and Henderson (1956) proved th e  t r a n s p o r t a t io n  
o f  p e s t i c i d e s  by r a i n  w ater  i n t o  stream s or  r i v e r s .  Thoman and 
N ic h o ls o n  (1963) d e t e c t e d  e n d r in ,  TDE, d i e l d r i n ,  to x a p h en e , p a r a th io n ,  
l in d a n e ,  and d ia z in o n  and 2 ,4 -D  i n  s u r fa c e  w a te r .  N ic h o ls o n  and 
Thoman (1964) found th a t  ground or w e l l  w ater  i s  a l s o  s u b j e c t  to  
p e s t i c i d e  c o n ta m in a t io n  and s u g g e s te d  a method to  remove i t .
M agnitude o f  th e  T o x i c o l o g i c a l  Problem
The i n t e r e s t  in  th e  p o t e n t i a l  hazard o f  p e s t i c i d e s  i s  in d ic a t e d  
by the  number o f  l a b o r a t o r i e s  i n v e s t i g a t i n g  th e  t o x i c i t y  o f  th e s e  
compounds. T h i r t y - s i x  o f  t h e s e  l a b o r a t o r i e s  and ta b u la r  d a ta  on them 
have been l i s t e d  by th e  World H ea lth  O r g a n iz a t io n .
The hazard o f  a g iv e n  compound i s  th e  danger w hich  i t  p r e s e n t s ;  
th e  t o x i c i t y  o f  a compound i s  i t s  in h e r e n t  a b i l i t y  to  in j u r e  l i v i n g  
o rg a n ism s . Hazard can  be measured o n ly  in  r e l a t i o n  to  p r a c t i c a l  
c o n d i t i o n s ;  how ever, i t  can  be p r e d ic t e d  to  a l i m i t e d  e x t e n t  from 
t o x i c i t y .  On the  o th er  hand, t o x i c i t y  can be g u e sse d  from the  r e s u l t s  
o f  a c c id e n t s ;  b u t ,  u n le s s  the  dosage in v o lv e d  in  su ch  a c c id e n t s  i s  
known a c c u r a t e ly ,  t o x i c i t y  can o n ly  be measured by s ta n d a r d iz e d  
ex p e r im e n ta l  c o n d i t i o n s .  Chemical s t r u c t u r e  d e term in es  th e  absorb­
a b i l i t y ,  t o x i c i t y ,  and m e ta b o l ic  f a t e  o f  a c h e m ic a l .  C r i s t o l  and 
H a lle r  (1945) p u b l is h e d  a com prehensive  r e v ie w  o f  th e  c h e m is tr y  o f  DDT 
i n  w hich  th ey  r e l a t e d  s t r u c t u r e  to  t o x i c i t y .
The t o x i c i t y  o f  e a ch  compound or c l a s s  o f  compounds v a r i e s  
u s u a l l y  w i th  the  d i f f e r e n t  c l a s s ,  g e n u s ,  s p e c i e s ,  age and e v en  s e x  o f
8t h e  o rg a n is m .  Mammals a r e  l e s s  s u s c e p t i b l e  t o  p e s t i c i d e s  th a n  a r e  
i n s e c t s  and f i s h .  Q uinby  e t  _al. (1 9 6 5 )  r e p o r t e d  on th e  s t o r a g e  l e v e l  
o f  DDT and DDE i n  U .S . p o p u l a t i o n  from  1 9 5 0 -1 9 6 2 . They fo u n d  th e  
s t o r a g e  l e v e l  t o  be  4 . 0  ppm DDT and 7 .8  ppm DEE; t h e r e  was no  d i f ­
f e r e n c e  i n  l e v e l  b e c a u s e  o f  g e o g r a p h ic a l  l o c a t i o n ,  and no d i f f e r e n c e
i n  l e v e l  b e tw e e n  th e  g e n e r a l  p u b l i c  and  p o p u l a t i o n  l i v i n g  i n  e x t e n s i v e  
a g r i c u l t u r a l  a r e a s  w here  e x tre m e  u s e  o f  DDT was i n d i c a t e d ;  th e  s t o r a g e  
l e v e l  o f  DDT from  1950 up t o  1962 r e m a in e d  c o n s t a n t .  T h is  i s  i n  
d i r e c t  c o n t r a s t  t o  t h e  r e p o r t  o f  H olden  (1962) who found  t h a t  th e  
o y s t e r  c a n  c o n c e n t r a t e  DDT r e s i d u e s  up t o  7 0 ,0 0 0  t im e s  th e  amount 
p r e s e n t  i n  t h e i r  e n v i r o n m e n t .  G a in es  (1956) r e p o r t e d  on d i f f e r e n t  
e f f e c t s  on b e n e f i c i a l  i n s e c t s  o f  s e v e r a l  i n s e c t i c i d e s  a p p l i e d  f o r  
c o t t o n  i n s e c t  c o n t r o l .  C o ttam  and  H ig g in s  (1946 ) p o i n t e d  o u t  t h a t  th e  
d a n g e r  o f  p o i s o n in g  f i s h  i s  much g r e a t e r  th a n  t h a t  f o r  b i r d s  and
mammals when DDT i s  a p p l i e d  a t  t h e  r a t e  o f  1 l b / a c r e .  Among th e  f i s h ,
t h e  b l u e  g i l l s  a r e  th e  warm w a te r  f i s h  m ost s e n s i t i v e  t o  c h l o r i n a t e d  
h y d ro c a rb o n  p e s t i c i d e s  a s  shown by  Rudd and G en n e ly  ( 1 9 5 6 ) ,  and  W eiss  
( 1 9 6 4 ) .  T h i s  i s  why b l u e  g i l l s  a r e  m ost e x t e n s i v e l y  u s e d  i n  b i o a s s a y  
s t u d i e s  o f  p e s t i c i d e s .  The D ep artm en t o f  I n t e r i o r  ap p ro v e d  b l u e  g i l l  
s t u d i e s  f o r  e v a l u a t i o n  o f  p o s s i b l e  e f f e c t s  o f  p e s t i c i d e s  on s a l t  w a te r  
f i s h .
W il l ia m s  £ t  _al. (1964) r e p o r t e d  on amounts o f  r e s i d u e s  r e c o v e r e d  
i n  m i lk  o f  cows f e d  on r a t i o n s  c o n t a i n i n g  low c o n c e n t r a t i o n s  o f  f i v e  
c h l o r i n a t e d  h y d ro c a rb o n  p e s t i c i d e s  ( h e p t a c h l o r  e p o x i d e ,  d i e l d r i n ,  
e n d r i n ,  l i n d a n e  and  DDT). The s tu d y  showed t h a t  d i e l d r i n  and 
h e p t a c h l o r  e p o x id e  r e s u l t e d  i n  m e a s u ra b le  r e s i d u e s  i n  m i lk  when f e d  
e v e n  i n  v e r y  low c o n c e n t r a t i o n .  T h is  i s  t r u e  t o  a  l e s s e r  d e g re e  o f
9e n d r i n ,  l i n d a n e ,  DDT and i t s  m e t a b o l i t e s .  Cannon e t  a l .  (1 9 5 9 )  
c o n d u c te d  a  s i m i l a r  s t u d y  on d i e l d r i n  c o n c e n t r a t i o n  o f  0 . 1 - 2 . 2 5  ppm 
fe d  t o  co w s .  L aben £ t  a l .  (1966) s t u d i e d  m i lk  c o n t a m i n a t i o n  f ro m  low 
l e v e l s  o f  DDT i n  d a i r y  r a t i o n s  and fo u n d  t h a t  when cows w ere  f e d  0 .5  
ppm d a i l y ,  th e y  u s u a l l y  s e c r e t e d  0 .5  ppm i n  m i lk  b u t  no more t h a n  
1 . 0  ppm a t  any t i m e .  DeMott e£  a l .  (1966) fo u n d  t h a t  when cows w ere  
f e d  h e p t a c h l o r  e p o x id e  th e y  s e c r e t e d  b e tw e e n  9-17% o f  th e  i n t a k e  i n  
t h e  m i l k .
M i l l s  (1963) made a su r v ey  on p e s t i c i d e  r e s id u e s  in  t o t a l  d i e t  
sam ples o f  food  fo r  16-19  year  o ld  boys and d e t e c t e d  v e r y  low l e v e l s  
o f  r e s i d u e s ;  W ill ia m s  (1964) r e p e a t e d  th e  exp erim en t a year l a t e r  and 
g ot s i m i la r  r e s u l t s .
E x p er im en ta l an im als  were shown to  d ev e lo p  r e s i s t a n c e  to  
c h lo r in a t e d  hydrocarbon p e s t i c i d e s .  Ozbun and M orrison  (1 9 6 4 )  showed 
th a t  in c r e a s e d  r e s i s t a n c e  to  DDT, d i e l d r i n  and l in d a n e  was ind uced  by 
i n t r a p e r i t o n e a l  i n j e c t i o n  o f  a s o l u t i o n  c o n t a in in g  p e s t i c i d e s  in  
seasame o i l  in t o  10 g e n e r a t io n s  o f  m ice ;  the  f e r t i l i t y  and growth o f  
th e  an im als  were n o t  im p a ired .
P e s t i c i d e s  can  i n t e r f e r e  w i t h  drug a c t i o n  as shown by Schwabe 
( 1 9 6 4 ) . He in d ic a t e d  th a t  e x c e s s i v e  co n ta m in a t io n  o f  fo o d s  by DDT and 
trea tm en t w ith  DDT cau sed  s to r a g e  o f  DDT in  th e  body t i s s u e s  o f  th e  
la b o r a to r y  r a t s .  T h is  s t o r a g e  r e s u l t e d  i n  s h o r t e n in g  the d u r a t io n  o f  
in d uced  s l e e p  by a b a r b i t a l  drug.
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The m a g n i tu d e  o f  th e  t o x i c o l o g y  o f  p e s t i c i d e s  I n  a s  f a r  a s  
h a z a r d s  a r e  c o n c e r n e d  I n c l u d e s  th e  f o l l o w i n g :
1 .  H aza rd s  o f  m a n u f a c tu r e  and  o r  f o r m u l a t i o n .
2 .  H aza rd s  o f  m ix in g  o r  a p p l i c a t i o n .
3 .  H a za rd s  t h r o u g h  I n d i r e c t  e x p o s u r e .
4 .  H aza rd s  t o  w i l d  l i f e ,  f i s h  and  w a te r  s o u r c e s .
Mode o f  A c t io n
The m echanism  o f  p e s t i c i d e  a c t i o n  i n  i n s e c t s  a p p e a r  t o  b e  a 
com plex  phenomenon i n  w h ic h  t h e  d i s t u r b a n c e  o f  one p h y s i o l o g i c a l  
s y s te m  b y  a  p e s t i c i d e  w i l l  i n  t u r n  c a u s e  an  im b a la n c e  i n  o t h e r  c l o s e l y  
a s s o c i a t e d  s y s t e m s .  T h i s  w ou ld  f i n a l l y  r e s u l t  i n  t h e  d e a t h  o f  th e  
i n s e c t  and make i t  v e r y  d i f f i c u l t  t o  d e te r m in e  t h e  c a u s e  o f  d e a t h .  The 
e x c i t a t i o n  o f  th e  n e rv o u s  s y s te m  by  a  p e s t i c i d e  a p p e a r s  t o  t r i g g e r  
n e u r o e n d o c r i n e  s e c r e t i o n s  w h ic h  in d u c e  r e s p o n s e s  i n  t a r g e t  o r g a n s .  The 
c o n t i n u e d  s e c r e t i o n s  o f  t h e s e  s u b s t a n c e s  i n  a b n o rm a l ly  l a r g e  am ounts  
may r e s u l t  i n  p h y s i o l o g i c a l  c h a n g e s  g r e a t  en o u g h  to  p ro d u c e  p a r a l y s i s  
o r  d e a t h  o f  t h e  i n s e c t .
W in te r In g h a m  and Lew is  (1959) r e p o r t e d  on th e  i n h i b i t i o n  o f  
c h o l i n e s t e r a s e  by  o rg a n o p h o s p h o ro u s  com pounds. R o ten o n e  i n h i b i t e d  
L - g lu t a m ic  d e h y d ro g e n a s e  and s u c c i n o x i d a s e  s y s t e m s .  The c y c l o d i e n e  
I n s e c t i c i d e s  w ere  shown t o  i n h i b i t  t h e  e x c r e t o r y  p r o c e s s e s  o f  th e  
M a lp ig h ia n  t u b u l e s  and p ro d u c e  symptoms o f  i n t o x i c a t i o n .
The mode o f  a c t i o n  o f  DDT and r e l a t e d  p e s t i c i d e s  i s  more com plex  
th a n  t h a t  o f  o rg a n o p h o s p h o ro u s  com pounds. C am pbell and W est (1 9 4 5 )  
s u b m i t t e d  a  g e n e r a l  t h e o r y  on th e  c h e m ic a l  m echanism  r e s p o n s i b l e  f o r  
t o x i c i t y .  They s u g g e s t e d  t h a t  e v o l u t i o n  o f  h y d ro g e n  c h l o r i d e  does
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o c c u r  b u t  c a n  be  r e g a r d e d  a s  a  s e c o n d a r y  e f f e c t  accom pany ing  th e  
a l t e r a t i o n  o f  t h e  e l e c t r o m a g n e t i c  n a t u r e  o f  th e  g ro u p  fro m  w h ich  I t  
e v o l v e d .  The e f f e c t  o f  th e  c h l o r i n e  atom s may be  e n t i r e l y  s t e r i c .  I t  
was f u r t h e r  p o i n t e d  o u t  b y  P r i l l  e t  a l .  (1946) t h a t  t h e  a c t i v e  
s u b s t i t u e n t  f o r  DDT m ust be  i n  t h e  p a r a  p o s i t i o n  ( 4 ,4 *  p o s i t i o n )  f o r  
t h e  compound t o  have  a  h ig h  d e g re e  o f  t o x i c i t y .  O 'B r i e n  and M atsum ura
(1 9 6 4 )  t h e o r i z e d  on th e  mode o f  a c t i o n  o f  DDT. They p o s t u l a t e d  t h a t  
DDT fo rm ed  a  c h a r g e - t r a n s f e r  com plex  w i t h  a  com ponent o f  th e  n e r v e  axon 
w h ic h  c o n s e q u e n t l y  c a u s e d  a  d i s t u r b a n c e  o f  f u n c t i o n .  T i n s l e y  (1964) 
o b s e r v e d  t h a t  DDT ^ n  v i t r o  i n h i b i t e d  g l u c o s e - 6 - p h o s p h a t e  d e h y d ro g e n a s e ;  
he s u g g e s t e d  t h a t  i n  v iv o  th e  e f f e c t  o f  DDT c o u ld  r e s u l t  from  th e  
d i r e c t  i n t e r a c t i o n  o f  DDT o r  c l o s e l y  r e l a t e d  compounds w i t h  th e  enzyme 
g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e .  W in te r in g h a m  and Lew is (1959) 
s u g g e s t e d  t h a t  DDT and r e l a t e d  g ro u p s  a f f e c t  d i r e c t l y  th e  o x i d a t i v e  
m e ta b o l i s m s .  Jo h n so n  (1951) fo u n d  t h a t  DDT, DEE and m e th o x y c h lo r  a t  
c o n c e n t r a t i o n  o f  10” “*M. i n h i b i t e d  th e  s u c c i n i c  o x id a s e  sy s te m s  
p r e p a r e d  from  r a t  h e a r t  when d i ( p - c h l o r o p h e n y l ) a c e t i c  a c i d  (DBA) had 
l i t t l e  e f f e c t ;  he a l s o  s u g g e s t e d  c y to ch ro m e  o x i d a s e ,  K reb c y c l e  
i n t e r m e d i a t e s  as o t h e r  p o s s i b l e  s i t e s  o f  a t t a c k .  T o le r a n c e  t o  DDT was 
c o r r e l a t e d  w i t h  t o l e r a n c e  t o  m e c h a n ic a l  s t r e s s  a c c o r d i n g  t o  H es lo p  and 
Ray ( 1 9 5 9 ) .  B ea rd  (1 957) and M e r r i l  e t  a l .  (1946) r e p o r t e d  on th e  
p r o t e c t i o n  o f  p o i s o n e d  i n s e c t s  from  p ro lo n g e d  m u s c u la r  a c t i v i t y  by 
venom p a r a l y s i s  o r  a n e s t h e s i a .  T h i s  seem ed t o  c o n f e r  upon th e  i n s e c t  
a  c e r t a i n  d e g re e  o f  im m unity  t o  t h e  i n s e c t i c i d e .
T h e re  i s  am ple e v id e n c e  a s  p r e s e n t e d  by  W in te r in g h a m  (1957) t h a t  
c o n t a c t  i n s e c t i c i d e s  p e n e t r a t e  th e  i n s e c t  c u t i c l e  more r a p i d l y  th a n  
t h e  mammalian s k i n .
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The t r a n s l o c a t i o n  o f  c h l o r i n a t e d  p e s t i c i d e s  from  t h e  s o i l s  t o  
t h e  c r o p  p l a n t s  c o m p l i c a t e s  th e  mode o f  a c t i o n  o f  p e s t i c i d e s  e v e n  m o re .  
L i c h t e n s t e i n  and S c h u l t z  (1965) s t u d i e d  th e  t r a n s l o c a t i o n  o f  
c h l o r i n a t e d  p e s t i c i d e s , a l d r i n ,  d i e l d r i n ,  h e p t a c h l o r ,  and h e p t a c h l o r  
e p o x id e  i n  t r e a t e d  s o i l s  and fo u n d  t h a t  d i f f e r e n t  c r o p s  a b s o r b e d  
d i f f e r e n t  l e v e l s  o f  p e s t i c i d e s .  T h is  t r a n s l o c a t i o n  phenomenon was 
f u r t h e r  s t u d i e d  b y  B ru ce  and D ecker (1 9 6 6 )  who r e p o r t e d  on  th e  o c o u ra n c e  
o f  t r a n s l o c a t i o n  i n  s o y b e a n  c r o p s  i n  v a r i o u s  am ounts  o f  v a r i o u s  
p e s t i c i d e s .
C h ro n ic  e x p o s u r e s  o f  f i s h ,  w i l d l i f e ,  and  e v en  humans t o  low 
l e v e l s  o f  c h l o r i n a t e d  h y d ro c a rb o n s  have  f a i l e d  t o  show any lo n g  
l a s t i n g  i n j u r i o u s  e f f e c t s  t o  t h e  a n im a ls  th e m s e lv e s  o r  t o  th e  humans 
who a r e  c o n s u l t in g  th e  m e a ts  o f  th e  a n i m a l s .  No i l l n e s s  h a s  b e e n  
r e p o r t e d  i n  humans a t t r i b u t e d  t o  c o n su m p t io n  o f  f i s h ,  s h e l l f i s h ,  o r  
a n im a ls  c o n t a i n i n g  p e s t i c i d e  r e s i d u e s  o f  c h l o r i n a t e d  h y d r o c a r b o n s .
R e in s  e_t a l .  (1964) s t u d i e d  th e  a c u t e  and c h r o n i c  e f f e c t s  o f  e n d r i n  on 
t h e  r e n a l  f u n c t i o n  and  r e n a l  hemodynamics o f  d o g s .  They gave  t h e  dogs 
i n t r a v e n o u s  and i n t r a m u s c u l a r  i n j e c t i o n s  o f  e n d r i n  a t  v a r i o u s  c o n c e n ­
t r a t i o n s ,  and fo u n d  no e v id e n c e  f o r  r e n a l  f a i l u r e  a t t r i b u t e d  to  th e  
d i r e c t  e f f e c t s  o f  e n d r i n .  Hayden e t  _al. (1965 ) r e p o r t e d  an  a c c i d e n t a l  
c a s e  o f  p o i s o n in g  o f  a  2 y e a r  o l d  c h i l d  who s u r v i v e d  a f t e r  i n g e s t i o n  
o f  c o n c e n t r a t e d  e n d r i n  b a s e  w i t h o u t  a p p a r e n t  n e u r o l o g i c a l  dam age. The 
c h i l d  was g iv e n  m e c h a n ic a l  v e n t i l a t o r  b r e a t h i n g  s y s te m  and a  m u sc le  
r e l a x a n t .  T h is  c a s e  o f  a c c i d e n t a l  p o i s o n i n g  by  e n d r i n  s u b s t a n t i a t e s  
r e p o r t s  on a n im a ls  w h ich  i n d i c a t e  t h e r e  i s  no s p e c i f i c  n e u r o l o g i c a l  
dam age, b u t  d e a t h  i s  a  r e s u l t  o f  h y p o x ia  s e c o n d a r y  t o  th e  c o n v u l s i o n s .
The c o n c l u s i o n  made from  a l l  t h e  r e p o r t s  r e c o r d e d  i n  l i t e r a t u r e
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on a c t i o n  o f  p e s t i c i d e s  s u g g e s t s  t h a t  e f f e c t i v e n e s s  o f  a  p e s t i c i d e  i s  
n o t  e n t i r e l y  a  f u n c t i o n  o f  one u n iq u e  p r o p e r t y  o f  t h e  m o l e c u l e , b u t  
a l s o  o f  a  c o m b in a t io n  o f  u n iq u e  p r o p e r t i e s  none o f  w h ich  n e ed  t o  be 
s p e c i f i c  f o r  t h e  m o le c u le  p e r  s e .
D e t o x i f i c a t i o n s  and D egrad ation  S tu d ie s
C h l o r i n a t e d  h y d ro c a rb o n  p e s t i c i d e s  a r e  known t o  be  v e r y  r e s i s t a n t  
t o  d e g r a d a t i o n ,  and r e m a in  u n a l t e r e d  i n  th e  s o i l  f o r  many y e a r s  a f t e r  
t h e i r  a p p l i c a t i o n .  I n  r e c e n t  y e a r s  r e s e a r c h  has  b e e n  I n t e n s i f i e d  i n  
th e  a r e a  o f  p o s s i b l e  d e g r a d a t i o n  o f  p e s t i c i d e s  i n t o  p e rh a p s  l e s s  
p o is o n o u s  com pounds.
E n t o m o lo g i s t s  w ere  th e  f i r s t  t o  n o t i c e  th e  r e s i s t a n c e  o f  i n s e c t s  
to  c h l o r i n a t e d  h y d r o c a r b o n s .  S t e r n b u r g  and K earns  (1 9 5 0 ) ,  and  P e r r y  
and  H osk ins  (1951) r e p o r t e d  on th e  d e t o x i f i c a t i o n  o f  DDT as  a  f a c t o r  
i n  th e  r e s i s t a n c e  o f  h o u s e f l i e s  t o  p e s t i c i d e s .  B ab e rs  and P r a t t  (1953) 
and  B a b e rs  and  Roan (1953) p o s t u l a t e d  t h a t  r e s i s t a n c e  o f  i n s e c t s  to  
i n s e c t i c i d e s ,  s p e c i f i c a l l y  DDT, i s  due t o  m e ta b o l i s m  o f  DDT and i t s  
d e h y d r o c h l o r i n a t i o n  t o  h a rm le s s  com pounds. S t e r n b u r g  e_t _al. (1954) 
c h a r a c t e r i z e d  an  enzyme t h a t  d e g ra d e d  DDT i n t o  a  h a r m le s s  compound i n  
th e  r e s i s t a n t  f l i e s  and  c a l l e d  i t  D D T -d e h y d ro c h lo r in a s e . R o b b in s  and 
Dahm (1955) m o n i to r e d  t h e  a b s o r p t i o n ,  e x c r e t i o n ,  d i s t r i b u t i o n  and 
m e ta b o l i s m  o f  c a r b o n - 1 4  l a b e l e d  DDT b y  th e  A m erican  c o c k r o a c h .
In  mammals p e s t i c i d e  m etab o lism  o ccu rs  in  the  same way as i t  
does in  i n s e c t s .  K le in  «st j i l .  ( 1 9 6 4 ) ,  D a tta  a l ,  (1 9 6 4 ) ,  and 
P e t t e r s o n  and R obinson (1964) r e p o r te d  on th e  c o n v e r s io n  o f  p,p'-DDT  
to  p,p'-DDD in  th e  l i v e r  o f  th e  r a t  and th e  tr a n s fo r m a t io n  o f  o,p-DDT 
to  p ,p ADDD in  v i v o .
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The p r o c e s s  o f  DDT d eg r a d a t io n  jLn v iv o  a cco r d in g  t o  White and 
Sweeney (1 945 ) appeared to  in v o lv e  d e h y d ro h a lo g en a tio n  t o  th e  
d ic h l o r o e t h y le n e  d e r i v a t i v e s  than t o  d i ( p - c h lo r o p h e n y l )  a c e t i c  a c id  
(DDA) w hich  i s  known t o  be e x c r e t e d  in  th e  u r in e  o f  h ig h er  manmals. 
T e r r ie r e  £ t  a l .  (1966)  showed th a t  toxaphene was p a r t i a l l y  m e ta b o l iz e d  
by th e  p la n t  and anim al organism s from la k e  w a t e r s .  Mammals, a c co r d in g  
t o  W ill ia m s  ( 1 9 4 7 ) ,  have com plex d e t o x i f i c a t i o n  mechanisms th a t  
c h e m ic a l ly  degrade a l l  o r g a n ic  compounds. S t r e e t  e t  a l .  (1966) 
red uced  th e  d i e l d r i n  s t o r a g e  i n  r a t s  by a d m in is t e r in g  drugs th a t  
in c r e a s e d  or c a t a l y z e d  th e  r a t e  o f  i t s  d e t o x i f i c a t i o n .
There i s  no in fo r m a t io n  in  the  l i t e r a t u r e  as t o  th e  a b i l i t y  o f  
f i s h  and s h e l l f i s h  to  degrade p e s t i c i d e s ;  o y s t e r s  were found to  be a b le  
to  c o n c e n tr a te  th e  p e s t i c i d e s  from th e  su rrou n d in g  environm ent or  
red u ce  th e  p e s t i c i d e  c o n c e n t r a t io n  i f  p la c e d  in  non con tam in ated  w a te r .
The use  o f  m icroorgan ism s to  degrade p e s t i c i d e s  i s  b e in g  
v i g o r o u s l y  i n v e s t i g a t e d .  MacRae and M artin  (1965) r e p o r te d  on 
m ic r o b ia l  d e g r a d a t io n  o f  s e l e c t e d  h e r b ic id e s  in  s o i l .  Kaufman e t  a l .
(1965) a l s o  r e p o r t e d  on m ic r o b ia l  d e g r a d a t io n  o f  h e r b i c i d e s .  Chacko 
e t  a l .  (1 9 6 6 )  used  a c t in o m y c e te s  organ ism s to  degrade DDT and p e n ta -  
c h lo r o n it r o b e n z e n e  (PCNB). There are  numerous u n p u b lish ed  i n v e s t i g a ­
t i o n s  underway to  t e s t  o rg a n ism s ,  e s p e c i a l l y  s o i l  m ic r o o rg a n ism s, as  
to  t h e i r  a b i l i t y  to  use  e n d r in ,  d i e l d r i n  and DDT as t h e i r  carbon  
so u r ce  o f  en ergy  th u s  r e n d e r in g  th e  c h l o r in a t e d  hydrocarbons h a r m le s s .
An i n d i r e c t  method o f  p e s t  c o n t r o l  ad v o ca ted  by numerous 
s c i e n t i s t s  and e n t o m o lo g i s t s  i s  b i o l o g i c a l  c o n t r o l .  Simmonds (1956) 
r e p o r te d  on th e  b i o l o g i c a l  c o n t r o l ,  p a s t ,  p r e s e n t ,  and f u t u r e .  L aird  
(1959) s u g g e s te d  b i o l o g i c a l  s o l u t i o n s  t o  problems a r i s i n g  from the u se
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o f  m odern I n s e c t i c i d e s .  F r a n z  (1962) r e p o r t e d  on b i o l o g i c a l  c o n t r o l  
o f  p e s t  i n s e c t s  In  E u r o p e .  At p r e s e n t  t h e r e  i s  a  new p e s t i c i d e  c a l l e d  
a n t im y c in  "A" u sed  t o  c o n t r o l  ro u g h  f i s h  i n  l a k e s ,  p o n d s ,  and 
r e s e r v o i r s  w i t h o u t  h a z a r d  t o  b i r d s  o r  mammals. T r e a t e d  l a k e s  and ponds 
may be r e s t o c k e d  w i t h  game f i s h  w i t h i n  a  few w eeks a f t e r  t r e a t m e n t .
The p e s t i c i d e  h a s  b e e n  i s o l a t e d  from  s t r e p to m y c e s  s p e c i e s  and  d e g r a d e s  
r a p i d l y  i n t o  i t s  n o n - t o x i c  c o m p o n e n ts .  A n tim y c in  "A" h a s  a l s o  b e e n  
u s e d  t o  c o n t r o l  d i s e a s e s  o f  r i c e  p l a n t s  and t o  c o n t r o l  f u n g i  w h ich  
a t t a c k  g r a p e s ,  k id n e y  b e a n s ,  and o r a n g e s .  R i t t e r  and S t r o n g  (1966) 
r e p o r t e d  t h a t  a n t im y c in  "A" t r e a t e d  f i s h  a r e  s a f e  t o  u s e  i n  a n im a l  
f e e d s .
P h y s io c h e m ic a l  P r o p e r t i e s  o f  Some C h l o r i n a t e d  H y d ro ca rb o n  P e s t i c i d e s  
Used i n  T h is  S tu d y  (Thomson, 1963)
DDT
T rad e  Name; DDT
T e c h n i c a l  Name: p , p ' - D i c h l o r o d i p h e n y l t r i c h l o r o e t h a n e
Ct Cl
Cl
P r o p e r t i e s :  The s t a n d a r d  c o n s i s t s  o f  s o l i d ,  w h i t e  n e e d l e  c r y s t a l s  o f
p a r a , para*  i s o m e r ;  c h o r i n e  c o n t e n t  o f  t e c h n i c a l  p r o d u c t  i s  4 8 - 5 0 .5
p e r c e n t .  M e lt in g  p o in t  o f  pure p , p ! isom er i s  1 0 8 .5 -1 0 9 ° C .  D e n s i ty
i s  1 .5 5  a t  25°C . T e c h n ic a l  g r a d e s  o f  DDT c o n t a i n  o ,p *  and  o , o '  i s o m e rs .
DDT has  a  m o le c u la r  w e ig h t  o f  3 5 4 .5  and  i t s  e m p i r i c a l  fo r m u la  i s
C, HrtCl . O r a l  t o x i c i t y  t o  mammals i s  a p p r o x im a te ly  250 m g/kg (LD ) .  
14 9 c 50
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The s o l u t i o n  i s  a b s o r b e d  I n  t o x i c  am ounts t h r o u g h  th e  b r o k e n  s k i n .
DDT i s  f o r m u la t e d  as  a  d u s t ,  w e t t a b l e  pow der, e m u ls io n ,  a e r o s o l ,  and 
i s  a p p l i e d  as  a  b ro a d  s p e c t ru m  p e s t i c i d e .  I t  a c t s  as  a  c o n t a c t  and a  
s to m a ch  p o i s o n  b u t  h a s  no f u m i g a t i n g  a c t i o n .  B ecau se  o f  i t s  l a c k  o f  
v o l a t i l i t y  and i t s  a d h e s i o n ,  i t  i s  o f  s p e c i a l  v a l u e  a s  a  r e s i d u a l  
p o i s o n ,  e s p e c i a l l y  f o r  m o s q u i to e s .  The t o x i c i t y  o f  DDT t o  mammals i s  
shown i n  T a b le  I .
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TABLE I
T o x i c i t y  o f  DDT t o  Mammals (Z w eig ,  1964)
LD^q a s  c o n t a c t  on s h a v e d  LD50 aS o r a *
s k i n  o f  t h e  a n im a l  DDT a p p l i e d  b y  s to m ach
s u s p e n d e d  i n  aqueous  gum tu b e  t o  a n im a ls  i n
a r a b i c  aqueous  gum a r a b i c
T e s t  A nim als______________________________________________ s u s p e n s i o n __________
m g/kg m g/kg
Mice 2 0 0 -5 0 0 1600
R a t s 1000 500
G u in e a  P ig s 1000 2000
R a b b i t s 2 5 0 -5 0 0 275
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E n d r I n
T ra d e  Name: E n d r In
T e c h n i c a l  Name: 1 , 2 , 3 , 4 , 1 0 , 1 0 - h e x a c h l o r o - 6 , 7 - e p o x y - l , 4 , 4 a , 5 , 6 , 7 , 8 , 8 a  
o c t a h y d r o - exo  - 1 ,  4 - e x o - 5 ,  8 - d i m e t h a n o n a p t h a l e n e . I t  i s  a  b ro a d  
s p e c t ru m  p e s t i c i d e  h a v in g  th e  s t r u c t u r e :
E n d r i n  i s  a  d i a s t e r e o i s o m e r  o f  d i e l d r i n  b u t  d i f f e r s  f rom  d i e l d r i n  i n  
p e s t i c i d a l  a c t i v i t y ,  c h e m ic a l  p r o p e r t i e s ,  and r e s i d u a l  p e r s i s t e n c y .  
P r o p e r t i e s :  The s t a n d a r d  c o n s i s t s  o f  a  w h i t e ,  c r y s t a l l i n e  s o l i d  w h ic h
m e l t s  w i t h  d e c o m p o s i t io n  above 2 0 0 °C . I t  i s  s o l u b l e  i n  a c e t o n e ,  b e n e z e n e ,  
p e t r o le u m  e t h e r ,  s p a r i n g l y  s o l u b l e  i n  a l c o h o l s ,  p a r a f f i n s  and x y l e n e ,  
and p r a c t i c a l l y  i n s o l u b l e  i n  w a t e r ,  w i t h  v a p o r  p r e s s u r e  f o r  t e c h n i c a l  
e n d r i n  2 x  10 ^ mm Hg a t  2 5 ° C .
E n d r in  i s  s t a b l e  i n  p r e s e n c e  o f  a l k a l i  r e a g e n t s  and  l o s e s  i t s
u n s a t u r a t e d  a c t i v i t i e s  i n  p r e s e n c e  o f  a c i d s  and c e r t a i n  m e ta l  s a l t s .
T o x o c i ty  t o  Mammals;
A cu te  O r a l ;  LD 50 f o r  r a t s  r a n g e s  from  5 mg e n d r i n  p e r  kg f o r  f e m a le s
to  45  mg/kg f o r  m a le s ,  r a b b i t  7 -  1 0 ,  g u in e a  p ig  16 -  3 6 ,  monkey
a p p r o x im a te ly  3 m g /k g .
C h ro n ic  o r a l :  When f e d  f o r  s i x t e e n  w e ek s ,  t h r e e  o u t  o f  f i v e  m a le  r a t s
d i e d  a t  5 ppm. C a t t l e  and  s h e e p  w ere  n o t  a f f e c t e d  b y  5 ppm f o r  112 
d a y s ,  c h i c k e n s  w ere  n o t  a f f e c t e d  by  3 ppm f o r  12 weeks b u t  w ere  
a f f e c t e d  by  6 ppm.
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D ie ld r in
Trade Name: D ie ld r in , HEOD
C hem ica l Name: 1 , 2 , 3 , 4 , 1 0 , 1 0 - H e x a c h l o r o - e x o - 6 , 7 , e p o x y - l , 4 , 4 a , 5 , 6 , 7 , 8 ,
8 a - o c t a h y d r o - l , 4 - e n d o , e x o - 5 , 6  d im e th a n o n a p th a l e n e .  I t  i s  a
c h l o r i n a t e d - h y d r o c a r b o n  i n s e c t i c i d e  e x p r e s s i n g  c o n t a c t  and s to m a ch
p o i s o n  h a v in g  th e  s t r u c t u r e :
Cl
I t  c o n t a i n s  n o t  l e s s  th a n  85% HEOD and  n o t  more th a n  157<> o f  i n s e c t i -  
c i d a l l y  a c t i v e ,  r e l a t e d  com pounds. T e c h n i c a l  d i e l d r i n  u s e d  i n  t h i s  
s t u d y  c o n t a i n e d  n o t  l e s s  t h a n  95% o f  d i e l d r i n .
P r o p e r t i e s :  The s t a n d a r d  c o n s i s t s  o f  b u f f  t o  l i g h t  brown s o l i d ,  d ry  
f l a k e s  w h ic h  m e l t  a t  175 - 176°C . I t  i s  m o d e r a t e l y  s o l u b l e  i n  
a r o m a t i c s ,  h a l o g e n e t i c  s o l v e n t s ,  e s t e r s ,  and  k e t o n e s ;  s p a r i n g l y  
s o l u b l e  i n  a l i p h a t i c  h y d ro c a rb o n s  and a l c o h o l s ,  and p r a c t i c a l l y  
i n s o l u b l e  i n  w a t e r ,  w i t h  v a p o r  p r e s s u r e  o f  1 .8  x 10” ^ mm Hg a t  2 5 °C .
D i e l d r i n  i s  s t a b l e  i n  p r e s e n c e  o f  o r g a n i c  b a s e s ,  i n o r g a n i c  b a s e s ,  
a l k a l i n e  o x i d i z i n g  a g e n t s ,  and  m i ld  d i l u t e  a c i d s .  I t  i s  u n s t a b l e  i n  
c o n c e n t r a t e d  m i n e r a l  a c i d s ,  a c i d  o x i d i z i n g  a g e n t s ,  p h e n o l s ,  and  a c t i v e  
m e t a l s .
T o x i c i t y  t o  Mammals;
A cu te  O r a l :  LD 50 f o r  r a t s  r a n g e s  b e tw e e n  38 -  87 m g /k g , mouse
38 m g /k g ,  g u in e a  p i g  49 m g /k g ,  r a b b i t  4 5 - 5 0  m g /k g , dog 56 - 80 m g /k g , 
s h e e p  50 -  75 m g /kg .
C h ro n ic  O r a l :  No harm t o  r a t s  was o b s e r v e d  when th e y  w ere  f e d  25 ppm
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o f  d i e l d r i n  f o r  2 y e a r s ;  b i r d s ,  h o w ev er ,  show h ig h  s e n s i t i v i t y  t o  
d i e l d r i n ;  th e  l e t h a l  d o se  o f  d i e l d r i n  t o  b i r d s  was fo u n d  t o  b e  0 .5  ppm.
Toxaphene
Trade Name; T oxaphene, E sto n o x , A l l t o x ,  Chem -phene, T o x a d u st.
C h em ica l  Name: Ci o Hi o C lg ’ T ec u^ l^c a ^ 8r a de o f  c h l o r i n a t e d  camphene
c o n t a i n i n g  67 -  69% c h l o r i n e .
P r o p e r t i e s :  The s t a n d a r d  i s  an  am ber , waxy, s o l i d  w h ich  m e l t s  a t  70 -
95°C and h a s  a  m o le c u la r  w e ig h t  o f  4 1 4 . 6 .  I t  i s  more s o l u b l e  i n  
a r o m a t ic  th a n  i n  a l i p h a t i c  h y d r o c a r b o n s .  I t  i s  s o l u b l e  i n  a c e t o n e ,  
b e n z e n e  and c a r b o n  t e t r a c h l o r i d e  t o  t h e  e x t e n t  o f  38 l b / g a l l o n .  I t  i s  
u n s t a b l e  a t  h ig h  t e m p e r a t u r e  w here  i t  becom es d e h y d r o h a lo g e n a te d  and 
y i e l d s  HCl.
T o x ic i t y  t o  Mammals:
A cu te  O r a l :  LD 50 (17. i n  p e a n u t  o i l )  r a t s  40  m g /k g .
C h ro n ic  O r a l :  800 ppm o f  57. s o l u t i o n  i n  k e r o s e n e  i n  t h e  d i e t  o f  r a t s
f o r  s i x  m onths c a u s e d  no s i g n i f i c a n t  c h an g e  i n  w e i g h t ,  b l o o d ,  m o r t a l ­
i t y ,  o r  t i s s u e  p a t h o l o g y .  I t  i s  r e a d i l y  a b s o r b e d  th r o u g h  th e  s k i n  and 
p ro d u c e s  c o n v u l s i o n s  and d e a t h  due t o  r e s p i r a t o r y  f a i l u r e  i n  r a t s ,  
d o g s ,  m ic e ,  and  r a b b i t s .
MATERIALS AND METHODS
The b i o a s s a y  e x p e r im e n t s  w ere  c o n d u c te d  on G rand  T e r r e  I s l a n d ,  
L o u i s i a n a ,  a t  t h e  L o u i s i a n a  W i l d l i f e  and F i s h e r i e s  L a b o r a t o r i e s .  
P h y s i c a l  m a t e r i a l s  s u c h  a s  b o a t s ,  n e t s ,  d r e d g e r s ,  w a te r  c o n t a i n e r s ,  
pumps, and  some g l a s s w a r e  w ere  s u p p l i e d  by  th e  L o u i s i a n a  W i l d l i f e  and 
F i s h e r i e s  L a b o r a t o r i e s .  P e s t i c i d e  s t a n d a r d s ,  s o l v e n t s ,  p l e x i g l a s s  
s h e e t s  and o t h e r  g l a s s w a r e  w ere  c a r r i e d  t o  t h e  i s l a n d  from  L o u i s i a n a  
S t a t e  U n i v e r s i t y  m ain  cam pus . I t  was n e c e s s a r y  t o  r e s i d e  on t h e  i s l a n d  
from  May, 1 9 66 , t h r o u g h  S e p te m b e r ,  1 9 66 , i n  o r d e r  t o  c o m p le te  
g a t h e r i n g  th e  b i o a s s a y  d a t a .
B io a ssa y  S tu d ie s
B io a s s a y s  w ere  c o n d u c te d  on o y s t e r ,  s h r im p ,  and o t h e r  m a r in e  l i f e  
w i t h  th e  f o l l o w i n g  o b j e c t i v e s  i n  m ind :
1 . To d e te r m in e  l e t h a l  and s u b l e t h a l  do se  o f  p ,p '-D D T , 
e n d r i n ,  d i e l d r i n ,  and to x a p h e n e  on t e s t  o r g a n i s m s .
2 .  To d e te r m in e  t h e  c o n c e n t r a t i o n  and e f f e c t  o f  
a m in o p y r in e ,  p y r a l g i n ,  and o r i n a s e  a s  d e t o x i f i c a t i o n  
a g e n t s  o f  t h e  above m e n t io n e d  c h l o r i n a t e d  
h y d r o c a r b o n s .
3 . To d e te r m in e  th e  r e l a t i v e  e f f e c t  o f  v a r i e d  d o s e s  
o f  c h l o r i n a t e d  h y d ro c a rb o n  p e s t i c i d e s  on  a  v a r i e t y  
o f  m a r in e  l i f e .
21
22
C o n str u c tio n  o f  Tanks fo r  B io a ssa y  S tu d ie s
G la s s  a q u a r i a  w ere  n o t  s u i t a b l e  f o r  b i o a s s a y  s t u d i e s  o f  
p e s t i c i d e s  b e c a u s e  o f  t h e  g e n e r a l  a p t i t u d e  o f  g l a s s  t o  a b s o rb  and 
i n c o r p o r a t e  p e s t i c i d e s .  The u se  o f  p l e x i g l a s s  h a s  b e e n  r e c o r d e d  i n  
t h e  l i t e r a t u r e  f o r  s t u d i e s  o f  p e s t i c i d e s  i n  v iv o  ( B u t l e r ,  1 9 6 6 ) .
P l e x i g l a s s  s h e e t s  w ere  c u t  t o  th e  f o l l o w i n g  d im e n s io n s :  43 
i n c h e s  l o n g ,  36 i n c h e s  w id e ,  8% i n c h e s  h i g h .  P l e x i g l a s s  p i e c e s  and 
c h i p s  w ere  d i s s o l v e d  i n  d i c h l o r o e t h a n e  f o r  a  p e r i o d  o f  24 h o u rs  o r  
l o n g e r  t o  fo rm  g l u e .  D i c h l o r o e th a n e  was fo u n d  t o  b e  s u p e r i o r  t o  th e  
commonly u s e d  a c e to n e  f o r  m aking  g lu e  b e c a u s e  i t  h a s  more b i n d i n g  
po w er,  i s  e a s i e r  t o  h a n d l e ,  and i s  n e a t e r  i n  a p p e a r a n c e .  The g lu e  was 
t h e n  a p p l i e d  t o  t h e  e d g es  o f  t h e  a q u a r i a  s h e e t s  and  h e ld  t h e r e  u n t i l  
f i r m  (3 t o  10 m i n u t e s ) .  The g lu e  was a p p l i e d  i n  2 c o a t i n g s ,  one i n s i d e  
and t h e  o t h e r  o u t s i d e  t h e  t a n k s .  C o rn e r  p i e c e s  o f  p l e x i g l a s s  were 
u s e d  f o r  r e i n f o r c e m e n t .  The ta n k s  w ere  p l a c e d  i n  an  o y s t e r  t a b l e  on a  
f l a t  fram e o f  plywood t o  p r e v e n t  b u l g i n g  o r  e x e r t i o n  o f  u n ev en  
p r e s s u r e s  t h a t  c a n  c a u s e  ta n k s  t o  c r a c k .  They w ere  s u p p o r t e d  on th e  
s i d e s  by  2 x 4 b o a r d s  o f  wood ( F i g .  1 ) .
T anks w ere  f i l l e d  w i t h  50 l i t e r s  o f  s e a  w a te r  o b t a i n e d  by 
pumping s e a  w a te r  from  t h e  same l o c a l i t y  i n  w h ich  th e  o rg a n ism s  w ere  
o b t a i n e d  and w ere  s u p p l i e d  w i t h  f r e s h  a i r  t o  f u r n i s h  oxygen  and t o  a c t  
a s  a  c i r c u l a t i n g  d e v i c e .  T e m p e ra tu re  was s e t  a t  77°F th ro u g h o u t  t h e  
e n t i r e  e x p e r i m e n t .
O yster E xperim ent
L iv e  o y s te r s  w ere dredged  from B a r a ta r ia  o y s te r  r e e f s  by a 
2 fo o t  dredger and ch o sen  in  s i z e  to  o b ta in  a r e p r e s e n ta t iv e  sam p le .
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O y s t e r s  w ere  b r o u g h t  t o  t h e  l a b o r a t o r y ,  c l e a n e d  o f  mud, and  w ashed  In  
s e a  w a te r  b e f o r e  b e in g  p l a c e d  i n  th e  a q u a r i a .  The o y s t e r s  w ere  l e f t  
i n  t n e  t a n k s  f o r  a  p e r i o d  o f  2 t o  4 h o u r s ,  a l l o w in g  them  t o  open and 
s t a r t  sy p h o n in g  w a te r  b e f o r e  f u r t h e r  e x p e r i m e n t a t i o n  was u n d e r t a k e n .  
F o r t y  o y s t e r s  w ere  p l a c e d  e q u i d i s t a n t  f rom  one a n o t h e r ,  t h e  w a te r  was 
f i l l e d  t o  a l e v e l  o f  4% in c h e s  (50  l i t e r s )  a s  shown i n  F i g .  2 .  A f t e r  
2 h o u r s ,  s u b l e t h a l  d o se s  o f  e n d r i n ,  d i e l d r i n ,  and  p ,p '-D D T  w ere  
d e t e r m in e d .  T h is  was a c c o m p l is h e d  b y  t r e a t i n g  th e  o y s t e r s  i n  th e  
t a n k s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  t h e  c h l o r i n a t e d  p e s t i c i d e s  and 
o b s e r v i n g  th e  number o f  d ead  o y s t e r s  a f t e r  t h e  e l a p s e  o f  48 h o u r s .  I t  
was fo u n d  t h a t  0 ,5  ppm o f  th e  p e s t i c i d e s  a p p l i e d  t o  t h e  ta n k s  w i t h  
a c e to n e  as  c a r r i e r  was th e  h i g h e s t  c o n c e n t r a t i o n  o f  e n d r i n ,  d i e l d r i n  
o r  p jp '-D D T  t h a t  c o u ld  b e  a p p l i e d  w i t h o u t  k i l l i n g  o v e r  50% o f  t h e  
p o p u l a t i o n ;  a c e to n e  a lo n e  was u s e d  on c o n t r o l s .  Thus th e  0 . 5  ppm was 
t a k e n  as  th e  u p p e r  l i m i t  o f  p e s t i c i d e  a p p l i c a t i o n ,  and 0 .1  ppm as  th e  
lo w e r  l i m i t .  T h e re  w e r e ,  h o w ev er ,  no n o t i c e a b l e  e f f e c t s  o v e r  a  w ide  
r a n g e  (1 ppm, 10 ppm, 20 ppm) o f  c o n c e n t r a t i o n  o f  p y r a l g i n ,  am ino- 
p y r i n e ,  and o r i n a s e .  The r a n g e  o f  c o n c e n t r a t i o n  f o r  th e  d e t o x i f i c a t i o n  
a g e n t s  was s e l e c t e d  to  b e  1 ppm and 10 ppm. Sam ples  w ere  c o l l e c t e d ,  
s h u c k e d ,  and p l a c e d  i n  p l a s t i c  b a g s  and  f r o z e n  u n t i l  c h e m i c a l ly  
a n a l y z e d .
Shrimp E xperim ent
L iv e  brow n and w h i t e  sh r im p  w ere  c a u g h t  a ro u n d  G rand T e r r e  
I s l a n d  i n  th e  B a r a t a r i a  Bay w i t h  a  16 f o o t  t r a w l .  T r a w l in g  t im e  was 
l i m i t e d  t o  3 m in u te s  t o  p r e v e n t  p h y s i c a l  damage t o  th e  s h r im p .  Shrimp 
w ere  p ic k e d  from  th e  n e t  and p l a c e d  i n  c o n t a i n e r s  f i l l e d  w i t h  s e a
F ig u r e  1 .  P l e x i g l a s s  t a n k s

F ig u r e  2 .  O y s t e r s  i n  p l e x i g l a s s  t a n k s
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w a t e r , t h e n  t r a n s p o r t e d  and  t r a n s f e r e d  as so o n  a s  p o s s i b l e  t o  l a r g e  
s t o c k  t a n k s  w here  th e y  w ere  l e f t  f o r  2 - 3  h o u r s .  A f t e r  s u c h  t im e ,  i t  
was e a s y  t o  d i f f e r e n t i a t e  b e tw ee n  th e  h e a l t h y  and i n j u r e d  s h r im p .
F o rty  h e a lth y  and v a r io u s  s iz e d  shrim p w ere p la c e d  in  a q u a r ia  
and l e f t  th e r e  fo r  2 hours b e fo r e  any trea tm en t w ith  p e s t i c i d e .
P r e lim in a ry  ex p er im en ts  in d ic a t e d  th a t :
1 .  0 .1  ppm en d r in  was s u f f i c i e n t  t o  k i l l  a l l  th e  shrim p  
in  one hour; 0 .0 0 1  ppm or 1 ppb was a s a f e  d osage fo r  
m ost o f  th e  shrim p e x c e p t  th e  j u v e n i le s  d u rin g  a 24 
hour p e r io d .
2 .  0 .1  ppm o f  d ie ld r in  was s u f f i c i e n t  to  ca u se  p a r a ly s is  
and im m o b ility  to  some in  one hour; how ever, i t  took  
24 hours to  im m o b ilize  or k i l l  th e  t o t a l  p o p u la t io n .
3 .  0 .1  ppm o f  p,p'DDT was s u f f i c i e n t  t o  cau se  o b v io u s  
im pairm ent o f  m otion  in  20 m in u tes a f t e r  a p p l ic a t io n ,  
and in  2 hours a l l  th e shrim p w ere dead; 0 .0 0 1  ppm or 
1 ppb was a s a f e  dosage fo r  th e  shrim p c o lo n y , as m ost 
o f  them su r v iv e d  w ith  t h i s  c o n c e n tr a t io n  fo r  24 h o u rs .
In  a l l  c a s e s  c o n t r o l  a q u a r ia  w ith  a ce to n e  o n ly  w ere found to  
c o n ta in  no m o r t a l i t y  beyond one or two sh rim p .
A sam ple  o f  e a c h  a q u a r iu m  was o b t a i n e d  and p l a c e d  i n  a  p l a s t i c  
b ag  and  f r o z e n  im m e d ia te ly  u n t i l  a n a ly z e d  c h e m i c a l l y .
From th e p r e lim in a r y  ex p erim en ts  c o n c e n tr a t io n  o f  p e s t i c id e s  
w ere ch o sen  to  be b etw een  0 .0 2 5  and 0 .0 7 5  ppm fo r  p,p*DDT, and 
b etw een  0 .0 0 1 7 5  ppm and 0 .0 2 6 7 5  ppm e n d r in . The c o n c e n tr a t io n  o f  th e  
d e t o x i f i c a t i o n  a g e n ts  w ere f ix e d  a t  1 ppm and 10 ppm.
29
D e t o x i f ic a t io n  A gents
The s e l e c t e d  c h e m ic a l s  u s e d  a s  d e t o x i f i c a t i o n  a g e n t s  w ere  n e i t h e r  
c h e m i c a l l y  n o r  p h a r m a c o l o g i c a l l y  r e l a t e d .  A m inopyrine  and p y r a l g i n  
a r e  a n t i p y r e t i c  and a n a l g e s i c  a g e n t s .  O r in a s e  i s  an a n t i d i a b e t i c .
The r e a s o n  f o r  u s i n g  t h e s e  d ru g s  i n  t h i s  s t u d y  was b a s e d  on th e  
a b i l i t y  o f  t h e s e  d ru g s  t o  s t i m u l a t e  th e  m e ta b o l i c  d e t o x i f i c a t i o n  r a t e  
o f  some o t h e r  d r u g s .  F o r  exam ple  Conney £ t  _al. (1960) found  t h a t
a m in o p y r in e  and o r i n a s e  s t i m u l a t e d  h e x o b a r b i t a l  d e t o x i f i c a t i o n .
A m inopyrine  was o b t a i n e d  c o m m e rc ia l ly  from  M erck Company.
O r in a s e  o r  t o lb u t a m id e  was d o n a te d  by  U pjohn Company. P y r a l g i n  was 
d o n a te d  by  D r. A. Novak, h ead  o f  th e  Food S c ie n c e  D ep ar tm en t a t  
L o u i s i a n a  S t a t e  U n i v e r s i t y .
The d ru g s  i n  c o n c e n t r a t i o n  o f  1 and  10 ppm w ere  d i s s o l v e d  i n  
a c e to n e  and a p p l i e d  t o  t h e  o y s t e r s  and sh r im p  t o g e t h e r  w i t h  th e  
p e s t i c i d e .  DDT and a m in o p y r in e  w ere  added  to  sh r im p  a c c o r d in g  t o  an  
e x p e r i m e n t a l  d e s i g n  shown i n  T a b le  1 1 .
The same d e s i g n  was r e p e a t e d  f o r  DDT w i t h  p y r a l g i n  and o r i n a s e  
s u b s t i t u t i n g  o r i n a s e  and  p y r a l g i n  i n  p l a c e  o f  a m in o p y r in e .  The e n d r i n  
e x p e r i m e n t ,  h o w ev er ,  was d i f f e r e n t  b e c a u s e  e n d r i n  was fo u n d  t o  be  more 
t o x i c  th a n  DDT o r  d i e l d r i n .  T h is  n e c e s s i t a t e d  th e  d e s i g n  o f  an
H SC —^ — 5 ° *  N H C O N H C H jtC  Ht )t C H j  
Orinase (Tolbutamide)
p3 r<,lS irt Active ln$r*ditrri: Sodium  Me+hampyrone
Aminopyrine
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e x p e r im e n t  shown i n  T a b le  I I I .  The same e x p e r im e n t  w i t h  t h e  same 
c o n c e n t r a t i o n s  was r e p e a t e d  s u b s t i t u t i n g  p y r a l g i n  and  a m in o p y r in e  f o r  
o r i n a s e .
A l l  t h e  _in v i v o  e x p e r im e n t s  w ere  r u n  i n  d u p l i c a t e  on s e p a r a t e
d a y s .
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TABLE I I
E x p erim en ta l D esig n  o f  DDT and A m inopyrine on Shrimp
Tanks
1 0 ppm o f  DDT and  0 ppm A m inopyrine  -  C o n t r o l
2 0 .0 2 5 ppm o f  DDT
3 0 .0 5 0 ppm o f  DDT
4 0 .0 7 5 ppm o f  DDT
5 1 ppm o f  A m inopyrine
6 10 ppm o f  A m inopyrine
7 0 .0 2 5 ppm o f  DDT and 1 ppm A m inopyrine
8 0 ,0 2 5 ppm o f  DDT and 10 ppm A m inopyrine
9 0 .0 5 0 ppm o f  DDT and 1 ppm A m inopyrine
10 0 .0 5 0 ppm o f  DDT and 10 ppm A m inopyrine
11 0 .0 7 5 ppm DDT and 1 ppm o f  A m inopyrine
12 0 .0 7 5 ppm DDT and 10 ppm o f  A m inopyrine
32
TABLE I I I
E xp erim en ta l D esign  o f  E ndrin  and O rin ase  on Shrimp
Tanks
1 0 ppm o f  e n d r i n  and  0 ppm o r i n a s e  -  c o n t r o l
2 0 .0 0 1 7 5  ppm e n d r i n
3 0 .0 2 5  ppm e n d r i n
4 0 .0 2 6 7 5  ppm e n d r i n
5 1 ppm o r i n a s e
6 10 ppm o r i n a s e
7 0 .0 0 1 7 5  ppm e n d r i n  and 1 ppm o r i n a s e
8 0 .0 0 1 7 5  ppm e n d r i n  and 10 ppm o r i n a s e
9 0 .0 2 5  ppm e n d r i n  and 1 ppm o r i n a s e
10 0 .0 2 5  ppm e n d r i n  and  10 ppm o r i n a s e
11 0 .0 2 6 7 5  ppm e n d r i n  and 1 ppm o r i n a s e
12 0 .0 2 6 7 5  ppm e n d r i n  and 10 ppm o r i n a s e
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S e l e c t e d  E f f e c t s  o f  E n d r in  and  Toxaphene on M arine  L i f e
The e f f e c t  o f  e n d r i n  on d i f f e r e n t  s p e c i e s  o f  m a r in e  l i f e  was 
t e s t e d  i n  t h e  f o l l o w i n g  e x p e r i m e n t .
M ar in e  a n im a ls  w ere  c a u g h t  w i t h  a  s e i n e ,  i d e n t i f i e d ,  and s e p a ­
r a t e d  i n t o  2 a q u a r i a  o f  e a c h  s p e c i e s .  E n d r in  i n  a c e to n e  i n  th e  amount 
o f  0 .1  ppm was a p p l i e d  t o  o n e ,  and o n ly  a c e to n e  was a p p l i e d  t o  t h e  
o t h e r .  The t a n k s  w ere  w a tc h e d  c o n s t a n t l y  f o r  th e  f i r s t  14 h o u rs  and 
t h e n  c h e c k e d  a g a i n  a f t e r  t h e  e l a p s e  o f  24 h o u r s .  The s p e c i e s  u s e d  a r e  
l i s t e d  i n  T a b le  IV.
The s i z e  o f  t h e  a n im a ls  r a n g e d  b e tw e e n  0 . 5 ” -  3 . 5 ” .
The above exp erim en t was r e p e a te d  u s in g  toxap hene in  a c e to n e .
In  V it r o  S tu d ie s
Two h u n d re d  grams o f  s h u c k e d  o y s t e r s  w ere  i n o c u l a t e d  w i t h  1 ppm 
o f  e n d r i n ,  d i e l d r i n ,  p ,p '-D D T , and  to x a p h e n e ,  p l a c e d  i n  a  W aring  b le n d e r  
and  b l e n d e d  f o r  5 m in u te s  a t  h i g h  s p e e d .  T h i r t y  gram s a m p le s  w ere  
p o u re d  i n t o  6 p e t r i  d i s h e s .  Two d i s h e s  w ere  i r r a d i a t e d  w i t h  Co^^ a t
0 .2  M eg arad ,  2 d i s h e s  a t  1 . 0  M eg arad , and 2 d i s h e s  w ere  u s e d  as 
c o n t r o l s .  The e x p e r im e n t  was r e p e a t e d  w i t h  1 ppm e n d r i n  and 2 ppm 
d i e l d r i n  i n  o y s t e r s ,  u s i n g  X - r a y  i r r a d i a t i o n  a t  an  i n s t r u m e n t  s e t t i n g  
o f  100 KV, 18 ma ( l a r g e  f o c u s )  u s i n g  th e  s m a l l  t u b e .  I r r a d i a t i o n  t im e  
was s e t  a t  1 0 ,  2 0 ,  and  30 m in u te  i n t e r v a l s .  Sam ples w e re  p l a c e d  a t  a  
d i s t a n c e  o f  2 3 .5  cm from  th e  s o u r c e .
The e x p e r im e n t  was a g a i n  c o n d u c te d  w i t h  2 ppm e n d r i n  and  1 ppm 
d i e l d r i n  i n  o y s t e r s ,  u s i n g  u l t r a v i o l e t  l i g h t  a s  t h e  s o u r c e  o f  i r r a d i a ­
t i o n .  M i n e r a l i g h t  lamp R - S I ,  0 . 6  Amp was u s e d .  Sam ples w ere  p l a c e d  
a t  a  d i s t a n c e  o f  3 0 .4  cm and i r r a d i a t e d  a t  2 ,  4 ,  6 ,  and 24 hour
%TABLE IV 
M ar in e  l i f e  S e l e c t i o n
No. o f
Common Name S p e c ie s
G u lf  K e l l i f i s h  3
S h a rp  Nose K e l l i f i s h  4
M u l l e t s  3
Spade F i s h  2
Pompano 4
Hog C h o ck ers  3
T id e  W ate r S i l v e r  S id e s  4
S h eep h ead  Minnows 3
P ip e  F i s h  2
F lo u n d e r  2
H erm it  Crab 2
S c i e n t i f i c  Name 
F u n d u lu s  g ra n d  i s  
F u n d u lu s  s i n i l u s  
M u g il  c e p h a lu s  
C h a e t o d l p t e r u s  f a b e r  
T r a c h i n o t u s  c a r o l i n u s  
T r i n e c t e s  m a c u la tu s  
M e n id ia  b e r r y l i n a  
C y p rin o d o n  v a r i e g a t u s  
S y n g n a th u s  l o u i s i a n a e  
P a r a l i c h t h y s  l e t h o s t i g m u s  
P e t r o c h i r u s  bahamen
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i n t e r v a l s .  I r r a d i a t e d  s a m p le s  w ere  s t o r e d  a t  3°C no l o n g e r  th a n  5 days 
u n t i l  a n a ly z e d  c h e m i c a l l y .
C hem ica l A n a ly s e s
G la s s w a re  and r e a g e n t s :  When w o rk in g  w i t h  r e s i d u e s  a t  p a r t s  p e r
m i l l i o n  o r  p a r t s  p e r  b i l l i o n  l e v e l s ,  i t  i s  e s s e n t i a l  t h a t  a l l  g l a s s ­
w are  and r e a g e n t s  u s e d  f o r  e x t r a c t i o n ,  c l e a n u p  o r  d i l u t i o n  be  f r e e  o f  
i n t e r f e r e n c e s  a n d /o r  c o n t a m i n a n t s .  A l l  g l a s s w a r e ,  t h e r e f o r e ,  was 
w ashed  w i t h  w a t e r ,  r i n s e d  w i t h  a c e t o n e ,  t h e n  w i t h  h e x a n e .  I f  t h e r e  was 
any d o u b t  a b o u t  c l e a n l i n e s s  o f  g l a s s w a r e ,  h o t  c h ro m ic  a c i d  c l e a n i n g  
s o l u t i o n  was u s e d  b e f o r e  w a sh in g  and  r i n s i n g .
A l l  s o l v e n t s  u s e d  w ere  e i t h e r  n a n o g r a d e , s p e c i a l l y  m a n u f a c tu r e d  
f o r  p e s t i c i d e  r e s i d u e  w o rk ,  o r  w ere  r e d i s t i l l e d  i n  a l l - g l a s s  s y s t e m s ,  
and  e a c h  b a t c h  o f  s o l v e n t s  was t e s t e d  by  i n j e c t i n g  i t  i n t o  th e  gas 
c h ro m a to g ra p h  w i t h  an e l e c t r o n  c a p t u r e  d e t e c t o r .
Sodium s u l f a t e  u s e d  th r o u g h o u t  th e  e x t r a c t i o n  and  c l e a n u p  was 
o f  g r a n u l a r  g r a d e .  When i t  became n e c e s s a r y  t o  u se  pow dered  sodium  
s u l f a t e ,  c a r e  was t a k e n  n o t  t o  p ack  i t  t i g h t l y  o r  e l s e  i t  w ould  
h y d r a t e  and  form  an  im p erm eab le  r o c k - l i k e  mass on to p  and p r e v e n t  t h e  
f lo w  o f  s o l v e n t s .
E ach  a n a l y s i s  was acco m p an ied  by  a  r e a g e n t  b l a n k  and sam ple  
b l a n k  c o n s i s t i n g  o f  t h e  c o n t r o l  s a m p le .  A sam ple  r e c o v e r y  was r u n  
w i t h  e a c h  g ro u p  o f  s a m p le s .
F l o r i s i l  was c a r e f u l l y  p r e p a r e d  by a c t i v a t i n g  i t  i n  a  m u f f l e  
f u r n a c e  f o r  2 h o u rs  a t  650°C and t r a n s f e r r i n g  i t  i n t o  s t o r a g e  i n  an 
oven  a t  135°C u n t i l  u se d  b u t  n o t  l o n g e r  t h a n  48 h o u r s ,  o r  e l s e  i t  was 
r e a c t i v a t e d .  E ach  b a t c h  was c h e c k e d  f o r  r e c o v e r y  o f  p e s t i c i d e s .
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P r e p a r a t i o n  o f  Sam ples
W ater s a m p le s  w ere  t a k e n  i n  q u a r t  j a r s ,  c l o s e d  t i g h t l y ,  and  
s t o r e d  i n  t h e  r e f r i g e r a t o r  u n t i l  a n a l y z e d .  O y s t e r  s a m p le s  w ere  
d e f r o s t e d  and b l e n d e d  a t  h ig h  s p e e d  f o r  5 m in u te s  i n  a  W aring  b l e n d e r .  
Whole sh r im p  sa m p le s  w ere  ch o p p ed  i n  a  H o b a r t  m eat c h o p p e r  f o r  
15 m i n u t e s .
E x t r a c t i o n  o f  Sam ples by  M ethod d e s c r i b e d  b y  R o b e r t s o n  (1964)
1 .  F i f t y  gram sa m p le s  o f  b l e n d e d  o y s t e r s  o r  g ro u n d  sh r im p  w ere  
p l a c e d  i n  400  ml O m ni-m ixer c u p s .  One h u n d re d  t h i r t y  ml o f  r e d i s t i l l e d  
a c e t o n i t r i l e  w ere  added  and b l e n d e d  f o r  5 m in u te s  a t  5000 rpm . The 
O m ni-m ixer cup  was im m ersed  i n  i c e  w a te r  w h i l e  b l e n d i n g  t o  p r e v e n t  
h e a t i n g  and  p o s s i b l e  l o s s  o f  p e s t i c i d e s .
2 .  A c e t o n i t r i l e  was d e c a n te d  i n t o  a  b a s k e t  c e n t r i f u g e  and th e  
cup  was w ashed  w i t h  70 ml o f  a c e t o n i t r i l e  and t h e  com bined  f i l t r a t e s  
w ere  c o l l e c t e d  and t r a n s f e r r e d  t o  a  2 1. s e p a r a t o r y  f u n n e l  c o n t a i n i n g  
1500 ml o f  w a te r  and  15 ml o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .
3 .  The a c i d i f i e d  w a t e r  and  th e  a c e t o n i t r i l e  e x t r a c t  w ere  m ixed  
and e x t r a c t e d  3 t im e s  w i t h  80 ml p o r t i o n s  o f  r e d i s t i l l e d  p e t r o le u m  
e t h e r ,  and w ere  s h a k e n  one m in u te  e a c h  t im e .
4 .  The p e t r o le u m  e t h e r  f r a c t i o n s  w ere  com bined  i n  a  400  ml 
b e a k e r  and e v a p o r a t e d  t o  10 ml i n  a  w a te r  b a t h  m a i n t a i n e d  a t  40°C .
F l o r i s 11 C h rom atog raphy
1 .  Twenty b y  f i v e  h u n d re d  mm c h ro m a to g ra p h ic  co lum ns f i t t e d  
w i t h  c o a r s e  f r i t t e d  d i s c s  and t e f l o n  s to p c o c k s  w ere  p r e p a r e d  by 
p l a c i n g  a  p lu g  o f  g l a s s  wool on to p  o f  th e  f r i t  and tam p in g  w i t h  a
37
c o r k  s t o p p e r  on a  g l a s s  r o d .  F l o r l s l l  was a d d ed  In  t h r e e  p o r t i o n s  
ta m p in g  t h e  s i d e s  o f  t h e  co lum ns t o  s e t t l e  u n t i l  th e  p a c k in g  was 4% 
In c h e s  d e e p .  The to p  o f  t h e  p a c k in g  was f l a t t e n e d  and \ i n c h  o f  
an h y d ro u s  sod ium  s u l f a t e  was a d d e d .
2 .  The co lum ns w ere  w ashed  w i t h  4 0  ml o f  p e t r o le u m  e t h e r  e a c h .  
C are  was t a k e n  n o t  t o  a l lo w  th e  s o l v e n t  t o  d ro p  b e lo w  t h e  s u r f a c e  o f  
t h e  p a c k in g .
3 .  E v a p o r a t e d  sa m p le s  (1 0  m l)  w e re  t r a n s f e r r e d  q u a n t i t a t i v e l y  
i n t o  th e  co lum ns u s in g  s m a l l  p o r t i o n s  o f  p e t r o le u m  e t h e r .  The s i d e s  
o f  t h e  co lum ns w ere  r i n s e d  w i t h  s m a l l  am ounts  o f  p e t r o le u m  e t h e r .
4 .  The s to p c o c k s  w ere  o p e n e d ,  and  sa m p le s  w ere  a l lo w e d  t o  go 
i n t o  th e  c o lu m n s .  The s a m p le s  w ere  r i n s e d  i n t o  t h e  co lum ns w i t h  3 
s m a l l  p o r t i o n s  o f  p e t r o le u m  e t h e r .  The e t h e r  from  colum n w a sh in g s  and 
t r a n s f e r  o f  s a m p le s  was d i s c a r d e d .
5 .  P e s t i c i d e s  w ere  e l u t e d  w i t h  200 ml o f  6% e t h y l  e t h e r  i n  
p e t r o le u m  e t h e r ,  a d j u s t i n g  th e  f lo w  r a t e  t o  5 ml p e r  m i n u te .
6 .  R e c e i v e r s  w ere  c h a n g e d ,  and  s a m p le s  w ere  a g a i n  e l u t e d  w i t h  
15% e t h y l  e t h e r  i n  p e t r o le u m  e t h e r .
7 .  The 6% p o r t i o n s  w ere  t r a n s f e r r e d  to  10 ml g r a d u a t e d  t e s t  
t u b e s  and  th e  vo lum es w ere  r e d u c e d  t o  5 m l;  6% e x t r a c t s  w ere  th e n  
r e a d y  f o r  g a s  c h ro m a to g ra p h y  ( M i l l s ,  1 9 6 1 ) .
S a p o n i f i c a t i o n  o f  15% F r a c t i o n s
1 .  The 15% f r a c t i o n s  w ere  t r a n s f e r r e d  t o  125 ml s t a n d a r d  t a p e r  
f l a s k s  w i t h  p e t r o le u m  e t h e r ,  and  e v a p o r a t e d  j u s t  t o  d r y n e s s .
2 .  Twenty ml o f  2% p o ta s s iu m  h y d r o x id e  i n  a l c o h o l  w ere  a d d ed  t o  
e a c h  and r e f l u x e d  u n d e r  w a te r  c o n d e n s e r s .
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3 .  A f t e r  30 m in u te s  t h e  s a m p le s  w ere  t r a n s f e r r e d  t o  125 ml 
s e p a r a t o r y  f u n n e l s  r i n s i n g  th e  f l a s k  w i t h  t h r e e  s u c c e s s i v e  10 ml 
p o r t i o n s  o f  p e t r o le u m  e t h e r  and p o u r in g  e a c h  I n t o  t h e  s e p a r a t o r y  
f u n n e l .
4 .  Twenty ml o f  w a te r  w ere  a d d ed  t o  e a c h  f u n n e l ,  and th e  
c o n t e n t s  w ere  sh a k e n  v i g o r o u s l y .  When l a y e r s  s e p a r a t e d ,  t h e  aqueous  
l a y e r  was drawn i n t o  a  s e c o n d  s e p a r a t o r y  f u n n e l  c o n t a i n i n g  20  ml o f  
p e t r o l e u m  e t h e r  and  sh a k e n  v i g o r o u s l y .  The aqu eo u s  l a y e r  was 
d i s c a r d e d  and th e  p e t r o le u m  e t h e r  e x t r a c t s  w ere  co m b in e d ,  w ashed  w i t h  
3 s u c c e s s i v e  20 ml p o r t i o n s  o f  50% b y  volum e e t h y l  a l c o h o l  and  w a t e r ,  
and th e  a q u eo u s  w a sh in g s  w ere  d i s c a r d e d .
5 .  The p e t ro le ix n  e t h e r  e x t r a c t s  w ere  d r i e d  t h r o u g h  co lum ns o f  
an h y d ro u s  sod ium  s u l f a t e ,  e v a p o r a t e d  t o  a  s u i t a b l e  v o lu m e , t r a n s f e r r e d  
t o  g r a d u a t e d  t e s t  tu b e s  and  w ere  r e a d y  f o r  g a s  c h r o m a to g r a p h y ( J o h n s o n ,
1 9 6 2 ) .
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F i g u r e  3
A n a ly s i s  an d  C le an u p  o f  O y s te r  and  Shrim p f o r  
C h l o r i n a t e d  H y d ro c a rb o n  P e s t i c i d e s
50 gram sa m p le s  and  200 ml o f  CH^CN
1. B le n d  i n  O m ni-m ixer
2 .  F i l t e r  i n  b a s k e t  c e n t r i f u g e
I I -----------------------1
R e s id u e s  F i l t r a t e
1 .  Add 1500 ml lUO and 15 cc  
Cone HCl
2 .  E x t r a c t  3 t im e s  w i t h  80 cc 
o f  p e t  e t h e r
J__
P e t ro le u m  e t h e r  p h a se  Aqueous p h ase
1 .  Evap  t o  10 cc
2 .  C h ro m a to g ra p h  on F l o r i s i l
3 .  E l u t e  w i t h  67® and 157® E t h y l  e t h e r  i n  p e t r o le u m  e t h e r
4 .  E v a p o r a te  i n  H 0 b a t h  a t  40°C t o  5 ml
6% F r a c t i o n s  ( p ^ 'D D I )  15% F r a c t i o n s  ( E n d . ,  D i e l d . )
1 .  S a p o n i fy  w i t h  2% A lc o h o l i c  
KOH
R eady t o  i n j e c t  i n t o  G .C . 2 .  Add 3 p o r t i o n s  o f  10 ml
p e t  e t h e r
I I
P e t ro le u m  e t h e r  p h a se  Aqueous p h ase
1 .  Wash w i t h  H„0
2 .  Wash w i t h  50% V-V a q u eo u s  m e th y l  
a l c o h o l  s o l n
_____________________________I____________________
P e t r o le u m  e t h e r  p h a s e  Aqueous p h a se
1 .  Dry on a n h y d ro u s  Na2 SO,
2 .  E v a p o r a te  i n  ^ 0  b a t h  a t  40°C t o  5 ml
157. f r a c t i o n  c l e a n  and  r e a d y  t o  i n j e c t  i n t o  G.C.
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T h in  L a y e r  C h ro m ato g rap h y  
P r e p a r a t i o n  o f  P l a t e s :
1 .  F o r t y  grains o f  A^O^G w ere  w e ig h e d  i n t o  a  c e n t r i f u g e  b o t t l e .  
E i g h t y  ml o f  0.27o HNO^ i n  d o u b le  d i s t i l l e d  w a te r  w ere  a d d e d .  The 
m ix tu r e  was sh ak e n  u n t i l  i t  t h i c k e n e d .
2 .  B o t t l e  and  c o n t e n t s  w ere  c e n t r i f u g e d  f o r  3 m i n u t e s ,  d e c a n te d  
and w ashed  3 t im e s  w i t h  80 ml o f  d o u b le  d i s t i l l e d  w a t e r .  To t h i s  was 
added  10 ml o f  1% AgNO^. E t h a n o l  was t h e n  added  t o  b r i n g  t h e  t o t a l  
w e ig h t  t o  130 gram s e x c l u d i n g  t h e  w e ig h t  o f  th e  c e n t r i f u g e  b o t t l e .
3 .  The m ix tu r e  was s h a k e n  g e n t l y  u n t i l  a l l  t h e  A1 0 was
2 3
lo o s e n e d  from  th e  b o t to m  and a  sm oo th  s l u r r y  was o b t a i n e d .
4 .  The s l u r r y  was p o u re d  im m e d ia te ly  i n t o  a  s p r e a d e r  w h ic h  was 
s e t  a t  0 .3  ram t h i c k n e s s .  The s p r e a d e r  was p u l l e d  s lo w l y  and e v e n l y  
o v e r  p l a t e s  w h ich  had  b e e n  c l e a n e d  t h o r o u g h l y  and w ip ed  o f f  w i t h  
e t h a n o l .
5 .  The p l a t e s  w ere  a l lo w e d  t o  s i t  15 m in u te s  on a  t r a y .  Then 
th e y  w ere  d r i e d  i n  100°C o v en  f o r  15 m in u te s  and s t o r e d  im m e d ia te ly  i n  
a  d e s s i c a t o r  c a b i n e t  t o  c o o l  b e f o r e  s a m p le s  and s t a n d a r d s  w ere  s p o t t e d  
on  them .
D evelopm ent o f  P l a t e s :
The 67. f r a c t i o n s  w ere  r u n  t o  4% in c h e s  f r o n t  i n  a  s a t u r a t e d ,  
n - h e p ta n e  t a n k  and  w ere  l e f t  5 m in u te s  a f t e r  th e  n - h e p t a n e  r e a c h e d  th e  
f r o n t .
The 15% f r a c t i o n s  w ere  r u n  to  4 i n c h e s  f r o n t  i n  2% a c e to n e  
n - h e p t a n e  and w ere  l e f t  5 m in u te s  a f t e r  t h e  s o l v e n t  r e a c h e d  th e  f r o n t .
V i s u a l i z a t i o n  o f  P l a t e s :
The d e v e lo p e d  p l a t e s  w ere  p l a c e d  u n d e r  u l t r a v i o l e t  l i g h t  u n t i l
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t h e  l o w e s t  l e v e l  o f  p e s t i c i d e  s t a n d a r d  became v i s i b l e .  The p l a t e s  
w e re  rem o v ed , and  th e  s p o t s  w e re  c i r c l e d  and i d e n t i f i e d  (K o v acs ,
1963) .
Gas C h ro m a to g rap h y
The two g as  c h ro m a to g ra p h s  u s e d  i n  t h i s  s t u d y  w ere  an A e ro g ra p h  
p e s t i l y z e r  680 an d  an  A e ro g ra p h  p e s t i l y z e r  682 a t t a c h e d  t o  a  d u a l  
c h a n n e l  W e s t r o n lx  s t r i p  c h a r t  r e c o r d e r ,  m ak ing  i t  p o s s i b l e  t o  i n j e c t  
two s a m p le s  i n t o  t h e  two g a s  c h ro m a to g ra p h s  and t o  d e t e c t  p e s t i c i d e s  
i n  b o t h  on t h e  same c h a r t .
S p e c i f i c a t i o n s  o f  th e  g a s  c h ro m a to g ra p h s  w ere  as  f o l l o w s :  The
colum n o v e n  t e m p e r a t u r e s  w ere  s e t  a t  1 8 5 °C . B o th  c h ro m a to g ra p h s  had 
e l e c t r o n  c a p t u r e  d e t e c t o r s .  The p o l o r i z i n g  v o l t a g e  o f  t h e  d e t e c t o r  
was s e t  a t  95 v o l t s .  The co lum ns w e re  made o u t  o f  1 /8 "  p y re x  g l a s s  
p a ck e d  w i t h  57. Dow-11 s i l i c o n e  on ch ro m o so rb  W 6 0 -8 0  m esh .
I n  d e a l i n g  w i t h  g a s  c h ro m a to g ra p h y  i n j e c t i o n s ,  sam ple  s i z e s ,  and 
c a l c u l a t i o n s ,  T a b le  V was fo u n d  t o  b e  v e r y  h e l p f u l .
S t a t i s t i c a l  a n a l y s e s  w ere  p e r fo rm e d  a c c o r d in g  t o  S n e d e co r  
( 1 9 6 2 ) .
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TABLE V
Gas C h ro m a to g ra p h ic  C o n v e r s io n  T a b le
Symbol E q u i v a l e n t N u m e r ic a l  V a lu e
p,PFT p i c o - , P a r t s  Per T r i l l i o n 1 0 - 12
n,PPB N a n o - ,P a r t s  Per B i l l i o n 10” 9
PPM M i c r o - , P a r t s  Per M i l l i o n 1 0 - 6
m, PFTh Mi H i - ,  P a r t s  P e r  T housand 1 0 ' 3
g gram




B io a s s a y  and c h e m ic a l  r e s u l t s  o f  o y s t e r s  t r e a t e d  w i t h  th e  
c h l o r i n a t e d  p e s t i c i d e s - e n d r i n ,  d i e l d r i n ,  p ,p '-D D T , and to x a p h e n e  and 
t h e  e f f e c t s  o f  p y r a l g i n ,  a m in o p y r in e  and o r i n a s e  on  th e  p e s t i c i d e s  a r e  
shown i n  T a b le  V I .  F i g u r e  4 shows g r a p h i c a l l y  th e  e f f e c t  o f  o r i n a s e  on 
e n d r i n ,  d i e l d r i n ,  p ,p '-D D T  and to x a p h e n e .
The f o l l o w i n g  o b s e r v a t i o n s  w ere  made o f  t h e  o y s t e r  b i o a s s a y  
e x p e r i m e n t s :
1 .  The w a te r  a ro u n d  G rand  T e r r e  I s l a n d  was n o t  d e t e c t a b l y  
c o n ta m in a te d  by  c h l o r i n a t e d  h y d ro c a rb o n  p e s t i c i d e s  a s  was c l e a r l y  shown 
b y  th e  many sam p les  t h a t  w ere  t a k e n  and a n a ly z e d  and fo u n d  to  c o n t a i n  
no p e s t i c i d e .
2 .  The o y s t e r s  c o l l e c t e d  a s  c o n t r o l s  and sam ple  b l a n k s  w ere  
fo u n d  t o  c o n t a i n  no d e t e c t a b l e  c h l o r i n a t e d  p e s t i c i d e s .
3 .  The a b i l i t y  o f  o y s t e r s  t o  c o n c e n t r a t e  p e s t i c i d e s  fro m  t h e i r  
e n v i ro n m e n t  was d e m o n s t r a t e d .  When 0 .1  ppm e n d r i n ,  0 .1  ppm d i e l d r i n ,  
0 .1  ppm p ,p '-D D T  and 0 .1  ppm to x a p h e n e  w ere  a p p l i e d  t o  o y s t e r  t a n k s  
s e p a r a t e l y  f o r  72 h o u r s ,  0 .1 8  ppm e n d r i n  was r e c o v e r e d  o r  180% o f  
o r i g i n a l  e n d r i n  a p p l i e d .  0 .2 0  ppm p ,p '-D D T  was r e c o v e r e d  o r  200% o f  
o r i g i n a l  p ,p '-D D T  a p p l i e d .  In  t h e  c a s e  o f  d i e l d r i n  and to x a p h e n e  th e  
a b i l i t y  t o  c o n c e n t r a t e  was n o t  c l e a r l y  d e m o n s t r a t e d  a s  i t  was i n  t h e  
c a s e  o f  e n d r i n ,  and p ,p '-D D T .
4 .  The m o r t a l i t y  r a t e  (T a b le  V I)  i n d i c a t e d  t h a t  e n d r i n  i s  th e
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TABLE VI*
B io a s s a y  and Chem ical R e s u l t s  o f  O y s te r s  T r e a te d  w i th
ENDRIN DIELDRIN
r i r
p 'p .DDT TOXAPHENE
CONTROL 
O y s te r  Water
A p p l ie d  l e v e l ,  ppm 
D e te c te d  l e v e l  
a f t e r : 24 h r s .  
48 h r s .  









































M o r t a l i t y  o f  o y s t e r s  
a f t e r  p e s t i c i d a l  
a p p l i c a t i o n  a f t e r : 24 h r s . 0 10 0 0 0 0 0 0 0 0
48 h r s . 3 12 0 2 2 13 0 0 0 0
72 h r s . 3 24 2 5 4 18 0 0 0 0
P e s t i c i d e  d e t e c t e d  
a f t e r  72 h r s .  a d d i t i o n  
o f  p y r a l g i n  a t  l e v e l :
L
1 ppm 0 .11 0 .42 0 .0 8 0 .4 0 .1 5 0 .4 0 0 .0 9 0 .4 0 0 0
10 ppm 0 .1 5 0 .42 0 .0 8 0 .4 0 .1 7 0 .5 0 0 .0 8 0 .3 8 0 0
P e s t i c i d e  d e t e c t e d  
a f t e r  72 h r s .  
a d d i t i o n  o f  amino- 
p y r in e  a t  l e v e l : 1 ppm 0 .0 7 0 .3 2 0 .0 8 0 .4 5 0 .22 0 .3 0 0 .1 1 0 .4 4 0 0
10 ppm 0 .1 0 0 .4 0 0 .0 8 0 .3 8 0 .1 5 0 .4 0 0 .12 0 .4 0 0 0
P e s t i c i d e  d e t e c t e d  
a f t e r  72 h r s .  a d d i t i o n  
o f  o r in a s e  a t  l e v e l :
L
1 ppm 0 .0 7 0 .3 9 0 .0 5 0 .2 5 0 .1 1 0 .2 8 0 .0 4 0 .3 6 0 0
10 ppm 0 .0 5 0 .3 0 0 .0 6 0 .3 0 0 .1 0 0 .2 0 0 .0 5 0 .3 1 0 0
D e te c te d  l e v e l  in  
H?0 sam ples 0 .11 0 .5 3 0 .1 0 0 .4 3 0 .1 1 0 .4 9 0 .0 8 0 .4 0 0 0
F i g u r e  4 .  E f f e c t  o f  o r i n a s e  on e n d r i n ,  d i e l d r i n ,  
P ,p '-D D T , and to x a p h e n e  i n  o y s t e r s
A e n d r i n  a t  0 .1  ppm
B e n d r i n  a t  0 .1  ppm and 1 ppm o r i n a s e
A' d i e l d r i n  a t  0 .1  ppm;
B' d i e l d r i n  a t  0 .1  ppm and 1 ppm o r i n a s e
A ' 1 p ,p ' - D 0 T  a t  0 . 1  ppm
B ' 1 p ,p '-D D T  a t  0 .1  ppm and  1 ppm o r i n a s e
A ' 11 to x a p h e n e  a t  0 .1  ppm





m ost n o x io u s  and  t o x i c  as  com pared  w i t h  th e  r e s t  o f  th e  p e s t i c i d e s  
i n v e s t i g a t e d .  T h e re  w ere  24 o y s t e r s  o u t  o f  40  k i l l e d  o r  60% o f  t h e  
p o p u l a t i o n  i n  a  c o n c e n t r a t i o n  o f  0 .S  ppm f o r  a  d u r a t i o n  o f  72 h o u r s .  
T h e re  w ere  18 o y s t e r s  k i l l e d  o u t  o f  4 0  o r  54% o f  th e  p o p u l a t i o n  i n  a 
c o n c e n t r a t i o n  o f  0 . 5  ppm p ,p '-D D T  and a  d u r a t i o n  o f  72 h o u r s .  D i e l d r i n  
showed much l e s s e r  e f f e c t ;  0 .5  ppm k i l l e d  o n ly  5 o y s t e r s  o u t  o f  40  o r  
12.5% . Toxaphene d id  n o t  a f f e c t  th e  m o r t a l i t y  r a t e  a t  t h e  0 .5  ppm 
l e v e l .
5 .  The a d d i t i o n  o f  1 ppm and 10 ppm o f  p y r a l g i n  and am ino- 
p y r i n e  d i d  n o t  d e p r e s s  t h e  l e v e l  o f  p e s t i c i d e s  i n  t h e  o y s t e r s . At t h e  
0 .1  ppm p e s t i c i d e  l e v e l  f o r  72 h o u r s f e n d r i n  was p r e s e n t  a t  0 .1 8  ppm 
l e v e l  w i t h o u t  th e  a d d i t i o n  o f  any d e t o x i f i c a t i o n  a g e n t .  D i e l d r i n  was 
p r e s e n t  a t  0 .0 8  ppm. p ,p '-D D T  was p r e s e n t  a t  0 .2 0  ppm and to x a p h e n e  
was p r e s e n t  a t  0 .1  ppm. When p y r a l g i n  and  a m in o p y r in e  w ere  added  
s e p a r a t e l y  a t  1 .0  ppm and 1 0 .0  ppm l e v e l ,  t h e  r e s u l t s  d i d  n o t  ch an g e  
s i g n i f i c a n t l y ;  when p y r a l g i n  was added  a t  1 .0  ppm l e v e l ,  e n d r i n  was 
fo u n d  a t  0 .1 5  ppm, d i e l d r i n  a t  0 .0 8  ppm, p ,p '-D D T  a t  0 .1 7  ppm and 
to x a p h e n e  a t  0 .0 8  ppm. When a m in o p y r in e  was added  a t  1 0 .0  ppm, e n d r i n  
was fo u n d  a t  0 .1  ppm, d i e l d r i n  a t  0 .0 8  ppm, p ,p '-D D T  a t  0 .1 5  ppm and 
to x a p h e n e  a t  0 .1 2  ppm.
At t h e  0 .5  ppm l e v e l  f o r  72 h o u r s  e n d r i n  was p r e s e n t  i n  t h e  
o y s t e r s  a t  0 .4  ppm, d i e l d r i n  a t  0 .2 7  ppm, p ,p '-D D T  a t  0 .6 0  ppm, and 
to x a p h e n e  a t  0 .5 5  ppm w i t h o u t  t h e  p r e s e n c e  o f  d e t o x i f i c a t i o n  a g e n t s .  
When p y r a l g i n  and a m in o p y r in e  w ere  added  s e p a r a t e l y  a t  1 .0  ppm and 
1 0 ,0  ppm l e v e l s ,  t h e  p e s t i c i d e  l e v e l  was n o t  a f f e c t e d  s i g n i f i c a n t l y .  
E n d r in  was fo u n d  a t  0 .4 2  ppm, d i e l d r i n  a t  0 .4 0  ppm, p ,p '-D D T  a t  0 .5 0  
ppm and to x a p h e n e  a t  0 .3 8  ppm w i t h  th e  a d d i t i o n  o f  10 ppm p y r a l g i n .
48
E n d r in  was p r e s e n t  a t  0 .4 0  ppm, d i e l d r i n  a t  0 .3 8  ppm, p ,p '-D D T  a t  
0 .4 0  ppm and to x a p h e n e  a t  0 .4 0  ppm w i t h  a d d i t i o n s  o f  1 0 .0  ppm o f  
a m in o p y r in e .
6 .  O r in a s e  was fo u n d  t o  show th e  m ost p ro m ise  i n  d e t o x i f y i n g  
c h l o r i n a t e d  p e s t i c i d e s .  When e n d r i n ,  d i e l d r i n ,  p ,p '-D D T ,  and  to x a p h e n e  
w ere  a p p l i e d  t o  o y s t e r s  i n  t a n k s  a t  0 .1  ppm l e v e l s  f o r  72 h o u r s ,  
o y s t e r s  had 0 .1 8  ppm e n d r i n ,  0 .0 8  ppm d i e l d r i n ,  0 .2 0  ppm p ,p '-D D T , and 
0 .1 0  ppm to x a p h e n e .  When t h e  same c o n c e n t r a t i o n s  o f  t h e  p e s t i c i d e s  
w ere  added  to  th e  t a n k s  t o g e t h e r  w i t h  1 ppm and 10 ppm o f  o r i n a s e ,  
much low er l e v e l s  o f  p e s t i c i d e s  w ere  d e t e c t e d .  W ith  1 ppm o r i n a s e  
a d d e d ,  e n d r i n  was fo u n d  a t  a l e v e l  o f  0 .0 7  ppm i n  c o n t r a s t  t o  t h e  
o r i g i n a l  l e v e l  o f  0 .1 8  ppm, a  d e c r e a s e  o f  61%. D i e l d r i n  was fo u n d  a t  
0 .0 5  ppm i n  c o n t r a s t  t o  t h e  o r i g i n a l  l e v e l  o f  0 .0 8  ppm, a  37.57. 
d e c r e a s e .  p ,p '-D D T  was fo u n d  a t  0 .1 1  ppm i n  c o n t r a s t  t o  t h e  o r i g i n a l  
l e v e l  o f  0 .2 0  ppm, a  45% d e c r e a s e .
When o r i n a s e  was a p p l i e d  a t  1 ppm and 10 ppm r e s p e c t i v e l y  t o  
t a n k s  c o n t a i n i n g  o y s t e r s  i n o c u l a t e d  w i t h  0 .5  ppm p e s t i c i d e s ,  t h e  
r e s u l t s  a g a i n  i n d i c a t e d  t h a t  t h e  p r e s e n c e  o f  o r i n a s e  i n c r e a s e d  th e  
d e g r a d a t i o n  o f  p e s t i c i d e s .  A f t e r  t h e  a d d i t i o n  o f  1 ppm o r i n a s e ,  
e n d r i n  was fo u n d  a t  0 .3 9  ppm i n  c o n t r a s t  t o  t h e  o r i g i n a l  0 .4 0  ppm, 
d i e l d r i n  was fo u n d  a t  0 .2 5  ppm i n  c o n t r a s t  t o  0 .2 7  ppm, p ,p '-D D T  was 
fo u n d  a t  0 .2 8 0  ppm i n  c o n t r a s t  t o  0 .6 0  ppm, and  to x a p h e n e  was fo u n d  a t
0 .3 6  ppm i n  c o n t r a s t  t o  th e  o r i g i n a l  0 .5 5  ppm. R a i s i n g  th e  l e v e l  o f  
o r i n a s e  t o  10 ppm d i d  n o t  a f f e c t  o r  a l t e r  i t s  a b i l i t y  t o  d e t o x i f y  
p e s t i c i d e s .  B ecau se  o r i n a s e  d e t o x i f y i n g  a c t i o n  on p e s t i c i d e s  h a s  n o t  
b e e n  i n v e s t i g a t e d  b e f o r e ,  th e  i n v e s t i g a t o r  c o u ld  o n ly  p o s t u l a t e  t h a t  
o r i n a s e  may a c t  a s  an  enzyme o r  enzyme i n d u c e r  b l o c k i n g  th e  m e ta b o l i c
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i n c o r p o r a t i o n  o f  p e s t i c i d e s  i n t o  t h e  o y s t e r  t i s s u e s  o r  I n c r e a s i n g  th e  
r a t e  o f  I t s  e x c r e t i o n .
B io a s s a y  and c h e m ic a l  r e s u l t s  o f  sh r im p  t r e a t e d  w i t h  th e  
c h l o r i n a t e d  p e s t i c i d e s ,  e n d r i n ,  and  p ,p '-D D T , a s  a f f e c t e d  by  th e  
a d d i t i o n  o f  p y r a l g i n ,  a m in o p y r in e  and o r i n a s e  a r e  shown i n  T a b le  V I I .  
F i g .  5 shows g r a p h i c a l l y  th e  e f f e c t  o f  o r i n a s e  on e n d r i n  and  p ,p '-D D T .
R e s u l t s  I n d i c a t e d  t h e  f o l l o w i n g  o b s e r v a t i o n s :
1 .  Shrim p a ro u n d  G rand  T e r r e  I s l a n d  d id  n o t  c o n t a i n  any 
m e a s u ra b le  am ounts o f  th e  p e s t i c i d e s  u n d e r  i n v e s t i g a t i o n .
2 .  S h r im p , l i k e  o y s t e r s ^ d i d  c o n c e n t r a t e  t h e  p e s t i c i d e s  t o  a  
h i g h e r  l e v e l  th a n  th e  a p p l i e d  l e v e l .  E n d r in  was a p p l i e d  a t  0 .0 0 1 7 5  
ppm, 0 .0 2 5  ppm, and  0 .0 2 6 7 5  ppm l e v e l ,  and i n  24 h o u rs  was d e t e c t e d  a t  
0 .0 7  ppm, 0 .0 9  ppm and 0 .1 2  ppm r e s p e c t i v e l y .  p ,p '-D D T  was a p p l i e d  t o  
sh r im p  t a n k s  a t  c o n c e n t r a t i o n  o f  0 .0 2 5  ppm, 0 .0 5 0  ppm, and 0 .0 7 5  ppm 
and was d e t e c t e d  a f t e r  24 h o u rs  a t  0 .0 8  ppm, 0 .1 0  ppm and 0 .1 2  ppm 
r e s p e c t i v e l y .
3 .  Shrim p w ere  fo u n d  t o  be  e x t r e m e l y  s e n s i t i v e  t o  e n d r i n .  At 
0 .0 0 1 7 5  ppm l e v e l ,  4 o u t  o f  40  d i e d .  At a p p l i e d  l e v e l  o f  0 .1  ppm, 40 
o u t  o f  4 0  w ere  k i l l e d  o r  im m o b i l i z e d .  Shrim p w ere  fo u n d  t o  be 
r e l a t i v e l y  more t o l e r a n t  t o  p ,p '-D D T  t h a n  t o  e n d r i n .  I t  to o k  a  0 .0 7 5  
ppm p ,p '-D D T  a p p l i e d  l e v e l  t o  k i l l  11 o u t  o f  40  i n  24 h o u r s .
4 .  P y r a l g i n  and  a m in o p y r in e  i n  c o n c e n t r a t i o n s  o f  1 ppm and 
10 ppm showed no e f f e c t s  i n  d e t o x i f y i n g  th e  p e s t i c i d e s .  D e te c te d  
l e v e l  o f  e n d r i n  i n  th e  s h r im p  a t  th e  a p p l i e d  l e v e l  o f  0 .0 0 1 7 5  ppm was 
0 .0 7  ppm w i t h o u t  t h e  a d d i t i o n  o f  p y r a l g i n  o r  a m in o p y r in e ,  0 .0 6  ppm 
w i t h  1 ppm p y r a l g i n ,  0 .0 5  ppm w i t h  10 ppm p y r a l g i n ,  0 .0 5  ppm w i t h  1 
ppm o r  10 ppm a m in o p y r in e .  D e te c t e d  l e v e l  o f  p ,p '-D D T  a t  th e  a p p l i e d
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TABLE V II*
B io a s s a y  and  C hem ica l R e s u l t s  o f  Shrim p T r e a t e d  w i t h  
D e t o x i f i c a t i o n  A g en ts  and E n d r in  and p ,p '-D D T
ENDRIN P.p '-D D T
A p p l ie d  l e v e l  ppm 0 0 .0 0 1 7 5 0 .0 2 5 0 .0 2 6 7 5 0 0 .0 2 5  0 .0 5 0 0 .0 7 5
D e te c t e d  l e v e l  
a f t e r  24 h o u rs 0 0 .0 7 0 .0 9 0 .1 2 0 0 .0 8  0 .1 0 0 .1 2
M o r t a l i t y  r a t e  
p o p u l a t i o n  40 4 9 13 0 5 8 11
P e s t i c i d e  d e t e c t e d  
a f t e r  a d d i t i o n  
ppm o f  p y r a l g i n
1 0 0 .0 6 0 .1 0 0 .1 0 0 0 .0 6 0 .1 1 0 .1 4
10 0 0 .0 5 0 .0 8 0 .1 1 0 0 .0 7 0 .1 0 0 .1 0
A m inopyrine 1 0 0 .0 5 0 .0 9 0 .1 2 0 0 .0 9 0 .0 9 0 .1 5
10 0 0 .0 5 0 .0 9 0 .1 4 0 0 .1 0 0 .1 3 0 .1 1
O r in a s e 1 0 0 .0 2 0 .0 4 0 .0 6 0 0 .0 2 0 .0 4 5 0 .0 8
10 0 0 .0 3 0 .0 3 0 .0 4 0 0 .0 3 0 .0 4 0 .0 7
* R e s u l t s  a r e  a v e r a g e  o f  2 r u n s
F i g u r e  5 .  
e n d r i n :
,p '-D D T:
E f f e c t  o f  o r i n a s e  on e n d r i n  and p^p'-DDT i n  sh r im p
1 0 .0 0 1 7 5  ppm a p p l i e d
1 ' 0 .0 0 1 7 5  ppm a p p l i e d  and 1 ppm o r i n a s e
2 0 .0 2 5  ppm a p p l i e d
2 ' 0 .0 2 5  ppm a p p l i e d  and 1 ppm o r i n a s e
3 0 .0 2 6 7 5  ppm a p p l i e d
3 ' 0 .0 2 6 5 7  ppm a p p l i e d  and 1 ppm o r i n a s e
1 0 .0 2 5  ppm a p p l i e d
1* 0 ,0 2 5  ppm a p p l i e d  and 1 ppm o r i n a s e
2 .050  ppm
2 ' .0 5 0  ppm and 1 ppm o r i n a s e
3 0 .0 7 5  ppm
3 ' 0 .0 7 5  ppm and  1 ppm o r i n a s e
I I P :
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H i
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l e v e l  0 .0 2 5  ppm was 0 .0 8  ppm w i t h o u t  p y r a l g i n  o r  a m in o p y r in e ,  and 
0 .0 6  ppm and 0 .0 7  ppm w i t h  th e  a d d i t i o n  o f  1 ppm and 10 ppm p y r a l g i n  
r e s p e c t i v e l y ,  0 ,0 9  ppm and 0 ,1  ppm w i t h  th e  a d d i t i o n  o f  1 and 10 ppm 
a m in o p y r in e  r e s p e c t i v e l y .  A l l  o t h e r  c o n c e n t r a t i o n s  f o l lo w e d  s i m i l a r  
c o u r s e s .
5 .  O r in a s e  was fo u n d  t o  d e t o x i f y  c h l o r i n a t e d  p e s t i c i d e s  i n  
s h r im p .  R e s u l t s  w ere  s i m i l a r  t o  t h e  one o b t a i n e d  f o r  o y s t e r s .
D e t e c t e d  l e v e l  o f  e n d r i n  a t  0 .0 0 1 7 5  ppm a p p l i e d  l e v e l  was 0 .0 7  ppm, 
a f t e r  24 h o u r s  w i t h o u t  a d d i t i o n  o f  o r i n a s e .  When 1 ppm o r i n a s e  was 
a d d ed  t o  a  t a n k  c o n t a i n i n g  th e  same c o n c e n t r a t i o n  o f  e n d r i n ,  t h e  l e v e l  
o f  e n d r i n  i n  th e  s h r im p  d ro p p e d  t o  0 .2  ppm o r  72% low er th a n  th e  
o r i g i n a l  c o n c e n t r a t i o n .  S i m i l a r l y  t h e  d e t e c t e d  l e v e l  o f  0 .0 9  ppm o f  
e n d r i n  d ro p p e d  t o  0 .0 4  ppm o r  56% lo w e r  t h a n  th e  o r i g i n a l  l e v e l ,  and 
t h e  d e t e c t e d  l e v e l  o f  0 .1 2  ppm o f  a p p l i e d  l e v e l  0 .0 2 6 7 5  ppm d ro p p ed  t o  
0 .0 6  o r  50% lo w er  t h a n  th e  o r i g i n a l  c o n c e n t r a t i o n  d e t e c t e d .
O r in a s e  was fo u n d  t o  a c t  on p ,p '-D D T  i n  a s i m i l a r  f a s h i o n .  
D e te c t e d  l e v e l  o f  0 .0 2 5  ppm a p p l i e d  l e v e l  was 0 .0 8  ppm; t h i s  was 
r e d u c e d  t o  0 .0 2 0  ppm o r  75% lo w er w i t h  th e  a d d i t i o n  o f  1 ppm o r i n a s e .  
S i m i l a r l y  t h e  d e t e c t e d  l e v e l s  o f  0 ,1 8  ppm and 0 .1 2  ppm w ere  r e d u c e d  t o  
0 .0 4 5  ppm o r  557. low er and 0 .0 8  ppm o r  33% low er r e s p e c t i v e l y .
E f f e c t  o f  E n d r in  and  Toxaphene on M ar in e  L i f e
The e f f e c t s  o f  e n d r i n  and to x a p h e n e  on a  m a r in e  l i f e  c o l l e c t i o n  
w ere  o f  s e l e c t i v e  n a t u r e .  These  r e s u l t s  a r e  t a b u l a t e d  i n  T a b le  V I I I .  
R e s u l t s  i n d i c a t e d  t h a t  d i f f e r e n t  s p e c i e s  r e s p o n d  d i f f e r e n t l y  t o  
p e s t i c i d e s .  E n d r in  was more l e t h a l  t o  f i s h  l i f e  t h a n  was to x a p h e n e .  
The a n im a ls  showed v i o l e n t  r e a c t i o n s  t o  e n d r i n .  The f i r s t  s i g n  was
TABLE V III
E f f e c t s  o f  0 .1  ppm E n d r in  and 0 .1  ppm Toxaphene on V a r i e t y  o f  M arine L i f e
Animal
0 .1  ppm 
E n d r in
Time Taken 
t o  K i l l
0 .1  ppm 
Toxaphene
Time Taken 
to  K i l l
G u lf  K e l l i f i s h I f 1 h r .  5 m in . t t A liv e  a f t e r  24 h r s .
Sharp  Nose K e l l I f I s h 11 1 h r . I t I t
M u lle ts rr 1 h r .  10 m in . 11 f t
Spade F i s h T1 45 m in . I t t l
Pompano t t 30 m in . I I I f
Hog Chockers i f 1 h r . M II
T ide W ater 
S i l v e r  S id e s
t t 15 m in . f t B alan ce  s l i g h t l y  a f f e c t e d  
i n  24 h r s .
Sheephead Minnows m 1 0  m in. II A liv e  b u t  c o m p le te ly  immoboli 
i n  24 h r s .
P ipe  F i s h i i A liv e  a f t e r  
24 h r s .
If A liv e  a f t e r  24 h r s .
F lo u n d e r i t I I I f I t
H ermit Crab i i If I f t l
in4>
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o b s e r v e d  when a n im a ls  s t a r t e d  c o n v u l s i v e  an d  h a p h a z a r d  swimming move­
m en ts  , t r y i n g  t o  jump o u t  o f  th e  a q u a r i a ;  t h e s e  movements w ere  f o l l o w e d  
b y  l o s s  o f  b a l a n c e  and  e q u i l i b r i u m .  F i n a l l y  t h e  a n im a ls  l o s t  c o m p le te  
c o n t r o l  and  w ere  im m o b i l iz e d  b e f o r e  d e a t h  o c c u r r e d .  I t  was i n t e r e s t i n g  
t o  n o t e  t h a t  b o t to m  d w e l l e r s , p ip e  f i s h ,  f l o u n d e r ,  and  h e r m i t  c r a b s ,  
w e re  s e e m in g ly  n o t  a f f e c t e d  b y  e i t h e r  e n d r i n  o r  to x a p h e n e  a t  a  c o n c e n ­
t r a t i o n  w here  o t h e r  f i s h  w ere  a f f e c t e d .
B ecau se  c h l o r i n a t e d  p e s t i c i d e s  a r e  a lm o s t  i n s o l u b l e  and  o n ly  fo rm  
s u s p e n s i o n s  i n  w a t e r ,  one w ould  e x p e c t  t h a t  p e s t i c i d e s  w ould  f i n a l l y  
s e t t l e  t o  th e  b o t to m  and a f f e c t  m o s t ly  b o t to m  d w e l l e r s ,  b u t  t h i s  was 
n o t  th e  c a s e ;  one  m u s t t h e r e f o r e  assum e th e  a b i l i t y  o f  m a r in e  b o t to m  
d w e l l e r s  t o  w i t h s t a n d  h i g h e r  c o n c e n t r a t i o n s  o f  p e s t i c i d e  t h a n  th e  r e s t  
o f  m a r in e  l i f e .  Toxaphene was fo u n d  t o  b e  r e l a t i v e l y  h a rm le s s  to  
m a r in e  l i f e  i n  c o n c e n t r a t i o n s  o f  0 .1  ppm and lo w e r .
I r r a d i a t i o n  S t u d i e s
The r e s u l t s  o f  t h e  Co^^ i r r a d i a t i o n ,  x - r a y  i r r a d i a t i o n ,  and
u l t r a v i o l e t  l i g h t  i r r a d i a t i o n  on o y s t e r  h o m ogenates  a r e  shown i n
T a b le s  IX , X, X I ,  and  X I I .
On a  c u r s o r y  e x a m i n a t io n  o f  t h e  r e s u l t s  o f  T a b le  IX , i t  was
d i f f i c u l t  t o  d e c id e  w h e th e r  i r r a d i a t i o n  w i t h  Co^® a t  0 .2 0  M egarad had 
any s i g n i f i c a n t  e f f e c t  on p e s t i c i d e  l e v e l  i n  o y s t e r  s a m p le s ;  h o w ev er ,  
f u r t h e r  s t a t i s t i c a l  a n a l y s i s  (T a b le  X I I I )  showed t h a t  i r r a d i a t i o n  a t
0 .2 0  M egarad d i d  have  h i g h l y  s i g n i f i c a n t  ( P ^ O . O l )  e f f e c t  i n  d e c r e a s i n g  
th e  l e v e l  o f  p e s t i c i d e  i n  o y s t e r  t i s s u e s .
T h e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  l e v e l  o f  p e s t i c i d e  




Co I r r a d i a t i o n  o f  O y s t e r  H om ogenates  C o n ta in in g  
C h l o r i n a t e d  P e s t i c i d e s  a t  0 .2  M e g a r a d ^ ^
i r r a d i a t e d  N o n - I r r a d i a t e d
P e s t i c i d e  R e c o v e re d  ppm_______ 1 s t  r u n  2nd r u n ________ 1 s t  r u n  2nd r u n
E n d r in 0 .7 0 0 .5 1 0 .7 0 0 .8 0
D i e l d r i n 0 .8 7 0 .7 0 0 .8 9 1 .1 0
p , p ' -  DDT 0 .8 9 0 .5 7 0 .9 3 1 .0 0
T oxaphene 0 .7 2 0 .6 0 0 .8 8 0 .7 0
(1 )  Sam ples  w ere  s p i k e d  a t  t h e  r a t e  o f  1 ppm o f  e n d r i n ,  d i e l d r i n ,  
DDT an d  t o x a p h e n e .
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TABLE X
C o ^  I r r a d i a t i o n  o f  O y s t e r  Hom ogenates C o n ta in in g  
C h l o r i n a t e d  P e s t i c i d e s  a t  1 .0  M e g a r a d ^ )
P e s t i c i d e  R e c o v e re d  ppm
I r r a d i a t e d  
1 s t  r u n  2nd r u n
N o n - I r r a d i a t e d  
1 s t  r u n  2nd r u n
E n d r in 0 .0 0 5 0 .0 0 9 0 .1 7 0 .1 0
D i e l d r i n 0 .0 1 0 0 .0 4 0 0 .0 7 0 .0 5
p , p 1 - DDT 0 .6 0 0 0 .4 6 0 0 .9 0 0 .7 0
Toxaphene 0 .6 2 0 0 .5 1 0 0 .8 1 0 .6 8
(1 )  Sam ples w ere  s p i k e d  a t  t h e  r a t e  o f  0 .2  ppm e n d r i n ,  0 .1  ppm d i e l d r i n ,  
1 ppm p ,p '-D D T , and  1 ppm to x a p h e n e .
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TABLE XI
X-Ray I r r a d i a t i o n  o f  E n d r in  and D i e l d r i n  i n  O y s t e r s
MINUTES





















E n d r in 0 .7 0 0 .6 0 0 .5 9 0 .7 5 0 .6 6 0 .4 6 0 .6 5 0 .7
D i e l d r i n 1 .2 0 1 .0 0 0 .9 8 0 .8 9 1 .1 0 1 .0 7 1 .1 7 1.4<
(1 )  Sam ples w ere  s p i k e d  a t  t h e  r a t e  o f  1 .0  ppm e n d r i n  and 2 ppm 
d i e l d r i n .
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TABLE X II
U l t r a v i o l e t  I r r a d i a t i o n  o f  E n d r in  and  D i e l d r i n  i n  O y s t e r s
E n d r in  D i e l d r i n
H ours  1 s t  2nd 1 s t  2nd
I r r a d i a t e d  r u n  r u n  r u n  r u n
(ppm) (ppm)
0 1 .9 0 1 .8 6 0 .8 6 0 .8 2
2 1 .4 6 1 .3 1 0 .8 0 0 .6 3
4 1 .0 9 1 .0 0 0 .6 3 0 .6 0
6 0 .7 8 0 .6 0 0 .4 3 0 .5 0
24 0 .5 1 0 .3 2 0 .2 1 0 .3 2
(1 )  Sam ples w ere  s p i k e d  w i t h  2 ppm e n d r i n ,  1 ppm d i e l d r i n .
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p ,p ' - D 0 T  and to x a p h e n e  w e re  e q u a l l y  d e s t r o y e d  o r  d e g ra d e d  a t  t h e  l e v e l  
o f  I r r a d i a t i o n  u s e d  and p e s t i c i d e  l e v e l s  a p p l i e d  and u n d e r  th e  c o n d i ­
t i o n s  o f  th e  e x p e r i m e n t .
The r e s u l t s  o f  T a b le  X showed t h a t  when t h e  l e v e l  o f  i r r a d i a t i o n  
was r a i s e d  t o  1 .0  M egarad t h e r e  was h i g h l y  s i g n i f i c a n t  ( P ^ O . O l )  
e f f e c t  i n  d e c r e a s i n g  t h e  l e v e l  o f  p e s t i c i d e  i n  t h e  o y s t e r  t i s s u e .  
R e s u l t s  a l s o  showed t h a t  t h e r e  w ere  s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  
d e g r a d a t i o n  r a t e  o f  t h e  p e s t i c i d e s  a t  t h a t  l e v e l  o f  i r r a d i a t i o n  
(T a b le  XIV ).
R e s u l t s  o f  t h e  X - ra y  i r r a d i a t i o n  e x p e r im e n t  o f  T a b le  XI showed 
t h a t  t h e r e  was no s i g n i f i c a n t  a l t e r a t i o n  i n  t h e  l e v e l s  o f  p e s t i c i d e s  
i n  o y s t e r s  when s u b j e c t e d  t o  X -ra y  i r r a d i a t i o n  a t  v a r i o u s  l e v e l s .
R e s u l t s  o f  t h e  U-V i r r a d i a t i o n  o f  e n d r i n  and  d i e l d r i n  i n  o y s t e r s  
h o m ogenates  showed a  h i g h l y  s i g n i f i c a n t  ( P ^ O . O l )  e f f e c t  o f  u l t r a ­
v i o l e t  l i g h t  on t h e  r a t e  o f  d e g r a d a t i o n  o f  e n d r i n  and d i e l d r i n  i n  
o y s t e r s  ( T a b le s  XV, XVI), I t  was a l s o  p o s s i b l e  t o  show a  l i n e a r  and 
i n v e r s e  r e l a t i o n s h i p  b e tw e e n  t im e  and r a t e  o f  d e g r a d a t i o n  of e n d r i n  
and d i e l d r i n  by  c a l c u l a t i n g  2 e x p e c t e d  p o i n t s  f rom  th e  r e g r e s s i o n  l i n e  
and c o n n e c t i n g  t h e  two p o i n t s ;  a c t u a l  p o i n t s  w e re  a l s o  p l o t t e d  on th e  
g r a p h .  ( F i g .  6 ,  7 ) .
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TABLE X I I I
A n a l y s i s  o f  V a r ia n c e  o f  C o ^  I r r a d i a t i o n  o f  O y s te r  H om ogenates 
C o n t a i n i n g  C h l o r i n a t e d  P e s t i c i d e s  a t  0 .2  M egarad
S o u rce D .F . S .S . M.S. F
T o t a l 15 0 .3 9 4 2
I r r a d i a t e d 1 0 .1 2 9 6 0 .1 2 9 6 10 .4 5 1 6 * *
P e s t i c i d e 3 0 .1 2 8 0 0 .0 4 2 7 3 .4 4 3 5





A n a l y s i s  o f  V a r i a n c e  o f  Co I r r a d i a t i o n  o f  O y s t e r  H om ogenates 
C o n ta in in g  C h l o r i n a t e d  P e s t i c i d e s  a t  1 . 0  M egarad
S o u rce D .F . S .S . M.S. F
T o t a l 15 1 .1 2 4 4
I r r a d i a t e d 1 0 .5 5 8 7 0 .5 5 8 7 32 .48**
P e s t i c i d e 3 0 .3 7 6 8 0 .1 2 5 6 7 .3 0 * *
E r r o r 11 0 .1 8 8 9 0 .0 1 7 2
S i g n i f i c a n t  a t  P < ^ 0 . 0 1 .
63
TABLE XV
A n a ly s i s  o f  V a r ia n c e  o f  U l t r a v i o l e t  I r r a d i a t i o n  
o f  E n d r i n  I n  O y s t e r s
S o u rce D .F . S .S . M.S. F
T o t a l 7 1 .5 7 3 8
R e g r e s s i o n 1 1 .5 2 8 8 1 .5 2 8 8 2 0 3 .8 4 * *
R e s i d u a l 6 0 .0 4 5 0 0 .0 0 7 5
* * S i g n l f l e a n t  a t  P ^ O . O l .
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TABLE XVI
A n a l y s i s  o f  V a r i a n c e  o f  U l t r a v i o l e t  I r r a d i a t i o n  
o f  D i e l d r i n  i n  O y s t e r s
S o u rce D .F . S .S . M.S. F
T o t a l 7 0 .1 6 9 1
R e g r e s s i o n 1 0 .1 5 0 1 0 .1 5 0 1 4 6 .9 1 * *
R e s i d u a l 6 0 .0 1 9 0 0 .0 0 3 2
* * S lg n i f le a n t  a t  P ^ O . O l .
SUMMARY
1 .  P e s t i c i d e  r e s i d u e  a n a l y s e s  i n d i c a t e d  t h a t  t h e  w a t e r ,  o y s t e r s ,  
and sh r im p  o f  B a r a t a r i a  Bay i n  t h e  v i c i n i t y  o f  G rand T e r r e  I s l a n d  
w ere  n o t  d e t e c t a b l y  c o n ta m in a te d  w i t h  c h l o r i n a t e d  p e s t i c i d e s .
2 .  B io a s s a y  e x p e r im e n t s  have  shown t h a t  o y s t e r s  and  sh r im p  had 
th e  a b i l i t y  t o  c o n c e n t r a t e  c h l o r i n a t e d  p e s t i c i d e s  from  e n v i ro n m e n ts  
c o n ta m in a te d  w i t h  p e s t i c i d e s .  D u r in g  a  72 h o u r  p e r i o d  o y s t e r s  
c o n c e n t r a t e d  a s  much as  1807o o f  o r i g i n a l  e n d r i n  l e v e l  a p p l i e d  and  
200% o f  o r i g i n a l  p ,p '-D D T  l e v e l  a p p l i e d .
3 .  M o r t a l i t y  r a t e s  o f  o y s t e r s ,  sh r im p  and  v a r i o u s  m a r in e  
a n im a ls  showed e n d r i n  t o  b e  t h e  m o st  t o x i c  o f  th e  c h l o r i n a t e d  
p e s t i c i d e s  i n v e s t i g a t e d .  F l o u n d e r s ,  h e r m i t  c r a b s  and p ip e  f i s h  w ere  
fo u n d  t o  be more t o l e r a n t  t h a n  o t h e r  m a r in e  a n i m a l s .
4 .  P y r a l g i n  and  a m in o p y r in e  i n  c o n c e n t r a t i o n s  o f  1 ppm and
10 ppm showed no e f f e c t s  i n  d e p r e s s i n g  o r  d e c r e a s i n g  t h e  l e v e l s  o f  t h e  
c h l o r i n a t e d  p e s t i c i d e s  i n v e s t i g a t e d  I n  o y s t e r s  and s h r im p .
5 .  O r in a s e  i n  c o n c e n t r a t i o n s  o f  1 ppm and 10 ppm showed m arked  
e f f e c t s  i n  d e c r e a s i n g  and d e p r e s s i n g  th e  l e v e l s  o f  t h e  c h l o r i n a t e d  
p e s t i c i d e s  i n v e s t i g a t e d  i n  o y s t e r s  and s h r im p .
6 . The e f f e c t  o f  Co**** i r r a d i a t i o n  a t  0 .2 0  M egarad  and 1 . 0  
M eg a rad , and  w i t h  u l t r a v i o l e t  l i g h t  e x p o s u r e  s i g n i f i c a n t l y  ( P ^ ^ 0 . 0 5 )  
e n h a n c e d  t h e  d e g r a d a t i o n  o f  e n d r i n  and  d i e l d r i n .  A l i n e a r  and i n v e r s e  
r e l a t i o n s h i p  was fo u n d  b e tw e e n  t im e  o f  e x p o s u r e  and r a t e  o f
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d e g r a d a t i o n  o f  e n d r i n  and d i e l d r i n  when i r r a d i a t e d  w i t h  u l t r a v i o l e t  
l i g h t .  X - r a y  was fo u n d  n o t  t o  a f f e c t  th e  l e v e l s  o f  c h l o r i n a t e d  
p e s t i c i d e s  i n  o y s t e r s .
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